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The Author offers the foilo-mng hook os a oontinnation, in 
a more generally accessible form, of the Series of Memoirs 
of Tndnsb'ial Men introduced in his Lives of the Engineers. 
While preparing that work he frequently came across the 
tracks of celebrated inventor's, mechanics, and iron-workera 
— the founders, in a great measure, of the modern industry 
of Britain — whose labours seemed to him well worthy 
of being traced out and placed on record, and the more so 
as their lives presented many points of curious and original 
interest. Having been encouraged to prosecute tho subject 
by offers of assistance from some of the most eminent living 
mechanical engineers, he is now enabled to present the 
following hirther series of memoirs to the public. 

Without exaggerating the importance of this class of 
biography, it may at least bo averred that it Las not yet 
received its due share of attention. While commemorating , 
the labonm and honouring the names of those who have 
striven to elevate man above the material and meobanioal, 
the labours of the important industrial class to whom 
society owes so much of its oomfoi't and well-being we 
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also entitled to consideration. Without derogating from 
the biographic claims of those ■who minister to intellect 
and taste, those who minister to utility need not be over- 
looked. When a Frenchman was praising to Sir John 
Sinclair the artist who invented ruffles, the Baronet 
shrewdly remarked that some merit was also due to the 
man who added the shirt, 

A distinguished li'Ting meohanio thus expresses himself 
to the Author on this point : — “ Kings, warriors, and 
statesmen have heretofore monopolized not only the 
pages of history, but almost those of biogiaphy. Surely 
some niohe ought to be found for the Meohanio, with- 
out whose skill and labour sooioty, as it is, oould 
not exist. I do not begiudge destruotive heroes their 
fame, but the oonstraotive ones ought not to bo for- 
gotten ; and there is a heroism of skill and toil belong- 
ing to the latter class, worthy of as grateful record, — less 
perilous and romantio, it may be, than that of the other, 
but not less full of the results of human energy, bravoiy, 
and character. The lot of lahonr is indeed often a dull 
one; and it is doing a public service to endeavour to 
lighten it up by records of the struggles and triumphs 
of our more illustrious workers, and tho vesuHs of their 
labo-urs in the oause of human advancement.” 

As respeots the prepara'tion of the following memoir's, the 
Author’s principal task has consisted in selecting and ar- 
ranging the materials so liberally placed at his disposal by 
gentlemen for ths most part personally acquainted with tho 
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Bu'bjeots of them, and but for whoso assistance the bool: 
could not have teen wiitten. Tho materials for the bio- 
graphy of Henry Maudslay, for instance, have been partly 
supplied by the late Mr. Joshua Field, F.E.S. (^his partner), 
but principally by Mr. James Nasmyth, O.E., his distin- 
guished pupil. In like manner Mr. John Penn, C.E., has 
supplied tho chief materials for the memoir of Joseph 
Clement, assisted by Mr. Wilkinson, Clement’s nephew. 
The Author has also had the valuable assistance of Sir. 
William Fairbaim, F.B.S., Mr. J. O. March, tool inanufao- 
turer (Mayor of Leeds), Mr. Eichard Eoberts, C.E., Mr. 
Heni-y Maudslay, C.E., and Mr. J. Kitson, Jun., iron 
manufacturer, Leeds, in the preparation of the other 
memoirs of mechanical cnginoem included in this volume. 

The materials for the memoirs of the early iron-workers 
have in like manner been obtained for the most part from 
original sources j those of the Darbys and Eeynoldses from 
Mr. Dickinson of Coalbrookdale, Mr. William Eeynolds of 
Coed-dd, and Mr. WiUiam G-. Norris of the former place 
as well as from Mr. Anstioe of Madeley Wood, who has 
kindly supplied tho original records of the firm. I'he 
substance of the biography of Benjamin Huntsman, the 
inventor of oast-steel, has been furnished by his lineal 
representatives* and the facts embodied in the memoirs 
of Henry Cort and David Mushot have been supplied by 
the sons of those inventors. To Mr. Anderson Kirkwood of 
Glasgow the Author is indebted for the memoir of James 
Beaumont Neilson, inventor of the hot blast ; and to Mr. 
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Ralph Moore, 'l-ns.p8ctor of Mihos in Scotland, for various 
information relative to tKS progress of the Scotch iron 
manufacture: . 

Tho moinoire of Dud Dudley and Andrew Yarranton are 
almost tho only ones of the series in preparing which 
material assistance has been derived from boolcs ; but those 
have been largely illustrated by facts contained iu original 
documents preserved in the State Pnpor OfBco, the ooroful 
examination of which has been conducted by Mi'. W, 
Walker Wilkins. 

It will thus be observed that most of the information 
embodied iu this volume, more especially that relating to 
the inventors of tools and machines, has heretofore existed 
only in the memories of tho eminent mechanical engineers 
from whom it has heen collected. In a few more years 
many of tho facts wliich have been caught and ai'o hero 
placed on record would, probably, in the ordinai'y course of 
things, have passed into obhvion. As it is, the Author feels 
that there are many gaps yet to bo iillod up; but tho 
field of Industrial Biography is a wide one, and is open to 
oU who win labour in it. 

Besides tho alterations mado in tho present edition, an 
Appendix has been added, containiug further information 
relative to copper, bronze, and iron implements, smelting 
of iron by coke, invention of the slido rest, and Mr. 
Babbage’s calculatiug machine. 


Londos, October, 187S. 
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INDUSTRIAL BIOGRAPHY 


CHAPTER 1 
IeON and CimiZATION. 


« Iron is not only the soul of mcry other manufitotnie, hut the mein* 
spring iwrhops of civilized society." — h'ltAKClS Hornkb. 

" Were the use cf ii-on lost nuiong us, we should in a few ages lie un- 
avoidably reduced to the wants and ignorance of the ancient sarege 
Americans ; so that he who Biat made known the use of that contemptible 
mineral may he truly styled the father of Arts and the author of Plenty." 
—John Locke. 

When Captain Cook and the eaxly navigators first sailed 
into the South Seas on their voyages of discovery, one of 
the things that struck them vyith most surprise ■was the 
avidity which the natives displayed for iron. “Nothing 
would go down with our visitors,” says Cook, “ hut metal; 
and iron was their beloved article.” A nail would buy a 
good-sized pig ; and on one occasion the navigator bought 
some four hundred pounds weight of fish for a few wretched 
knives improvised out of an old hoop. 

“ For iron tools,” says Captain Carteret, “ we might have 
purchased everything upon the Freewill Islands that we 
could have brought away. A few pieces of old iron hoop 
presented to one of the natives threw him into an ecstasy 
Uttlo short of distraction.” At Otaheite the people were 
found generally well-hehavod and honest ; but they were 
not proof against the fascinations of iron. Captain Cook 
says that one of ihom, after resisting all other temptations, 
“ was at length ensnared by the charms of a basket of 
nails.” Another Inrked about for several days, watching 
the opportunity to steal a coal-i-oke. 
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The navigators found they could pay tlieir way from 
island to island merely with scraps of iron, which were as 
useful for the pui’pose as gold coins would have been in 
Europe. The drain, however, being continuous. Captain 
Cook became alamed at finding his onrrenoy almost ex- 
hausted; and he relates his joy on recoverang an old 
anchor which the French Caphiin Bougainville had lost 
at Bolabola, on which he felt as an English banker 
would do after a .severe i-un njion him for gold, when 
suddenly i)laced in possession of a fresh store of bullion. 

'JTie avidity for ii-on displayed by those poor islandoiu 
will not he wondered at when we consider that whoever 
among them was so fortunate as to obtain possession of an 
old nail, immediately became a man of greater power than 
his fellowB, and assumed the rank of a capitalist. “ An 
Otaheitan chief,” says Cook, “who had got two nails in 
his possession, received no small emolument b}' letting 
out the use of them to his neighbours for the purpose of 
boring holes when their own methods failed, or were 
thought too tedious.” 

The native methods referred to hy Cook were of a very 
clumsy sort ; the principal tools of the Otahoitans being 
of wood, stone, and flint. Their adees and axes were of 
stone. The gouge most commonly used by thorn was mado 
out of the bone of the human foroaim. Their substitute 
for a knife wos a shell, or a bit of flint or jaspor. A 
shark’s tooth, fixed to a piece of wood, served for on. auger ; 
ft piece of coral for ,a filo ; and the skin of a sting-ray for a 
polisher. Their saw was made of jaggod fishos’ tooth fixed 
on the convex edge of a piece of hard wood. Their 
weapons were of a similarly nide desoription; tlieir 
olul« and axes were beaded with stono, and their lances 
and arrows wwe tipped with flint, Eire was another, 
agency employed by them, usually in boat -building, 
CBius, the New Zealandere, whose tools wore also of 
stone,, wood, or heme, made their boats of the fnmks of treeg 
hollowed out by fire. 



CUiP. I. ANCIENT WEAPONS AND IMPLEMENTS. 


3 


Tho stouo implemenlb were fiishioned. Cup lain Coolc says, 
by rubbing one stone upon another until brought to the 
Toquirod shape ; but, after all, they were found very inofil- 
cient for their purpo.se. They soon becamo blunted and 
useless ; and the laborious pioce.ss of making now tools 
had to bo begun again. Tho delight of the islanders at 
being put in possession of a material which was caj^able 
of taking a comparativol}' sharp edge and keeping it, may 
tliorofore readily bo iiuagiiiecl ; and hence Iho rumurkablo 
incidents to which wo have rcfcri-ed in tho experience of 
tho early -voyagers. In the minds of tho natives, iron 
became the representative of power, eflBoionc}’-, and wealth ; 
and they woi'o ready almost to full down and worsliij) their 
new tools, esteeming the axe as a deity, offering sacrifices to 
the saw, and holding tho knife in especial venomtion. 

In the infancy of all nations the same difficulties must 
have been experienced for want of tools, beforo tho arts of 
smelting and working in metals had become kno\vxi ; and 
it is not improbable that tho Phoenician navigators who 
first frequented our coasts fimnd the same avidity for 
bronze and iron existing among the poor woad-stained 
llritons who flocked down to the shore to see their ships 
and exchange food and skins with them, that Captain Cook 
disoovorod more than two thousand yetu-s later among the 
natives of Otaheite and Now Zealand. For, the tools and 
weapons found in anoiont bnrj’ing-plaoes in all parts of 
Critain clearly show that these islands also have passed 
through tlie epoch of stone and flint. 

There was recently exhibited at tho Crystal Palace a col- 
lection of ancient European weapons and implemonts placed 
alongside a similar collection of articles brought from the 
South Soas ; and they were in most respects so much alike 
that it was difficult to believe that they did not belong to 
the same luce and period, instead of being the implements 
of races sundered by half the globe, and living at period" 
more than two thousand years apart. Nearly every wea^ 
pon in the one ooUoction had its ooxmterpart in the other, 
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— tbo maulfl or celts of stone, the spearheads of flint oi 
jasper, the arrowheads of flint or hone, and the saws of 
jagged stone, showing how human ingenuity, under like 
oirornnstanceB, had resorted to like expedients. Tt would 
also appear that the ancient tribes in these islands, like the 
New Zealanders, used fire to hollow out their larger boats ; 
several specimens of this kind of vessel having recently 
been dug up in the valleys of the Witham and the Clyde, 
some of the latter from nnder the very streets of modem 
Glasgow.* Their smaller boats, or coracles, were made oi 
osiei's interwoven, covered with hides, and rigged with 
leathern sails and thong tackle. 

It will readily he imagined that anything like civiliza- 
tion, as at present understood, must have been next to im- 
possible under such oircumstanoes. “ Miserable indeed,” 
says Carlyle, " was the condition of the aboriginal savage, 
glaring fiercely from nnder his fleece of heir, which with 
the beard reached down to his loins, and hung round them 
like a matted doak ; the rest of his body shooted in its 
thiok natural fell. He loitoiud in tho sunny glades of the 
fore-st, living on wild finits; or, as the ancient Caledonians, 
squatted himself in morasses, lurking for his bestial or 
human prey ; without implements, without arms, save the 
ball of heavy flint, to which, that his sole possession and 
defence might not be lost, he had attached a long ooi-d of 


* “ Mr. John Bachannn, s zenlons 
antiquary, writing in 1855, informs 
ns Uiat in the course of the eight 7 
yoats ptececlmg that date, no less than 
serenicen canoes bad been dug out of 
this estuarine silt [of the valley of the 
Clyde], ond that he had persaonlly in- 
spected a large number of them before 
they were eihnmed. Five of them 
lay hurled in silt under the streets of 
Glasgow, one in a vertical position 
with the prow uppermost, as if it had 
sunk in a storm. . . . Almost every one 
of these ancient boats was formed out 
of a singls oaW,em, hollowed out by 


Idnnt tools, prehaUy stone uses, aldea 
by the action of firej o few wore cut 
beautifully smooth, evidently with mo- 
tnllio tools. Hence a gradation couid 
be traced from a pattern of ejtreme 
rudeness to one showing great me- 
chanical ingenuity, ... In one of the 
canoes a beantifully polished celt or 
axe of greenstone was found ; in the 
bottom of another a plug of cork 
which, as Mr. Geikio remarks, ‘ roiijil 
only have come from the latitudes ol 
Spain, Southern France, or Italy.”' 
—Sir C. Lyot,, Antfjirfty of Vais, 
48-9. 
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plaited thongs ; thereby I'eooToring as well as hurling it 
with deadly, unerring skill.” 

The injunction given to man to “replenish the earth 
and subdue it" could not possibly be fulfilled with iaiple- 
ments of stone. To fell a tree with a flint hatchet would 
occupy the labour of a month, and to clear a small patch cl 
ground for purpose.s of culture would require the combined 
efforts of a tribe. For the same reason, dwellings could 
not bo erected ; and without dwellings domestic tranquil- 
lity, security, culture, and refinement, especially in a rude 
climate, rverc all but impossiblo. Mr. Emerson well ob- 
sei’ves, that “ the effect of a house is immense on human 
tranquillity, power, and refinement, A man in a cave or a 
camp — a nomad— dies with no more estate than tlie wolf or 
the horse leaves. Eut so simple a labour as a house being 
achieved, his chief enemies are kept at bay. He is safe 
finm the teeth of rvild animals, ft'om frosi, sunstroke, and 
weather ; and fine faculties begin to yield their fine har- 
vest. Inventions and arts rn-e born, manners, and social 
beauty and delight." But to build a house which should 
seiwe for shelter, for safety, and for comfort— in a word, os a 
homo for tho family, which is the nucleus ofscciety — hotter 
tools than those of stone were absolutely indispensable. 

Hence moat of the early European tribes were nomadic : 
fi.rst hunters, wandering about from place to place like the 
American Indians, after the game ; then shepherds, follow- 
ing tho herds of animals which they had learnt to tame, 
from one grazing-ground to another, living upon their milk 
and flesh, and clothing themselves in their skins held to- 
gether by leathern thongs. It was only when implements 
of metal had been invented that it was possible to practise 
the art of agriculture with any oonsideiable success. Then 
tribes would cease from their wanderings, and begin to 
form settlements, homesteads, villages, and towns. An old 
Scandinavian legend thus curiously illustrates this last 
period: — 'There was a giantess whose daughter one day 
saw a husbandman ploughing in the field. She ran 
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ttiid picked liim up with her finger and thrimh, put him 
and his plough and oxen into her apron, and candod Ihom 
to her mother, saying, “ Mother, what sort of beetle is this 
that I have found wriggling in the sand ? ” But tho mother 
said, “ I’ut it away, my child ; we must begone out of this 
land, for these people will dwell in it.” 

M. Worsaae of Copenhagen, who has been followed by 
other antiquaries, has even gone so far as to divide tho 
natural history of civilization into three epochs, according 
to tho charaoter of tho tooLs nsed hi each. The first was 
the Stone period, in which the implements chiefly used 
were sticks, hones, stones, and flints. The next was the 
Bronze period, distinguished hy the introduction and 
general use of a metal composed of copper and tin, re- 
quiring a comparatively low degree of temperature to 
smelt it, and render it capable of being fashioned into 
weapons, tools, and implements ; to make which, howovor, 
indicated a ginat advance in experience, sagacity, and skill 
in the manipulation of metals. With tools of bronze, to 
which considerable hardness could be given, trees were 
foiled, stones hewn, houses and ships built, and agrionltuve 
praotised with comparative feoility. Last of all oamo tho 
Iron period, when tho art of smelting and working that 
most difficult but widely difihsed of the minerals was dis- 
covered ; from wJiioh point the progress made in all the 
arts of life has been of tho most remarkable character. 

Although Mr, Wright rejects this classification as em- 
pirical, because the periods are not capable of being clearly 
defined, and all the three kinds of implements are found to 
have been in use at or about tho same time,* there is, 
nevertheless, reason to believe that it is, on tho whole, 
well founded. It is doubtless tmo that implements of 
atone continued in use long after those of bronze and iron 
had been invented, arising most probably fi-om the dear- 


* Thomas Wmai, F.S.A,. Tho Cdt, Tho Somm, md The Barn, «d. 
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ness and scarcity of articles of metal ; but when the art 
of smelting and -working in iron and steel had sufficiently 
advanced, the use of stone, and afterwai-ds of bronze tools 
and -weapons, altogether ceased. 

The views of M. Woisaae, and the other Continental 
antiq[uaa’ians who follow his elassifioation, have indeed re- 
ceived remarkable confirmation of late years, by the dis- 
coveries which have been made in the beds of most of the 
S-wisB lakes.* It appears that a subsidence took place in 
the waters of the Lake of Zurich in the year 1864, laying 
bare considerable poirions of its bod. The adjoining pro- 
prietors proceeded to enclose the new land, and began by 
erecting permanent dykes to prevent tho return of the 
waters. Whil o oariying on tho works, several rows of stakes 
were exposed ; and on digging down, the labourers turned 
up a number of pieces of chanedwood, stones blackened by 
fire, utensils, bones, and other articles, showing that at 
some remote period, a number of human beings had lived 
over the spot, in dwellings supported by stakes driven into 
the bed of the lake. 

The discovery having attracted attention, explorations 
were made at other places, and it was shortly found that 
there was scarcely a lake in Switzerland which did not 
yield similar evidence of the existence of an ancient La- 
custrine or Lake-dwelling population. Numbers of their 
tools and implements were brought to light — stone axes 
and saws, flint arrowheads, bone needles, and such like — 
mixed with the bones of -wild animals slain in the chase ; 
pieces of old boats, portions of twisted branches, bark, 
and rough planking, of which their dwellings had been 
formed, the latter still bearing the marks of tho rude 
tools by which they had been laboriously out. In the 
most ancient, or lowest series of deposits, no traces of 
metal, either of bronze or iron, were discovered j and it is 
most probable that these lake-dwellers lived in as primi- 

• Betemd to at length in the Antigultjf of ilf«n, by Sir 0. Lyell, who 
adopts U. Womae’s clasgification. 
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tive a slate as the South Sea islanders discovered by 
Captain Cook, and that the huts over the water in which 
they lived resembled those found in Paima and Borneo, 
and the islands of the Salomon gi-oup, to this day. 

These aboriginal Swiss lake-dwellers seem to have been 
succeeded by a race of men using tools, implements, and 
ornaments of bronze. In some places the remains of this 
bronze period directly overlay those of the stone period, 
showing the latter to have been the most ancient ; but in 
others, the village sites are altogether distinct. The 
articles with which the metal implements are intermixed, 
show that considerable progress had been made in the 
nsefnl orts. The potter’s wheel had been introduced. 
Agriouliure had begun, and wild animals had given place 
to tame ones. The abundance of bronze also shows that 
commerce must have existed to a certain extent ; for tin, 
whioh enters into its composition, is a comparatively rare 
metal, and must necesBarilyhave been imported from other 
European countries. 

The Swiss antiquarians are of opinion that the men oJ 
bronze suddenly invaded and extirpated the men of flint; 
and that at some still later period, another stronger and 
more skilfal race, supposed to have been Celts from Gaul, 
came armed with iron weapons, to whom the men of bronze 
succumbed, or with whom, more probably, they gradually 
intermingled. When iron, or rather steel, came into nse, 
its superiority in affording a cutting edge was so decisive 
that it seems to have supplanted bronze almost at onoe ; * 

* Mr. Muihet, koirever, obsems by the use of ngea, the perftetioii of the 
that •* the general ns* of hanlened art, the Bpletsdonr and polish of their 
aopi^hytheanclentaforedge-toolaand suifaces, not caaity injured by time 
warlike instruments, does not preclude and weather, would not soon hoaupej'- 
the supposition that iron wns then com- sedsil by tho invention of simple iron, 
pamtively plentiful, though it is pio- inferior in edge and palish, at all times 
lahle that it was confined to the ruder easily injured by rust, and in the early 
arts of life. A knowledge of Uve mix- shigcs of iU mannihetnre converted 
tore of copper, tin, and xlnc, seems to with dlffioolty into forms that re- 
hsve been among the first discoveries of quired praportiou or olegnaw.” — 
themetaUurgist. Instruments fiibrt- {Papers on Iron and SM, 366.6.) 
anted twm these alloys, recommendea Uy some secivt method uat hna been 
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the latter metal contiuuiag to he employed only for the 
puiposo of making scabbards or sword-handles. Shortly 
after the commencement of the iron age, the lake-habita 
tions were abandoned, the only sottlement of this latei 
epoch yet discovered being that at Tene, on Lake Nenf 
chatel ; and it is a remarkable circumstance, showing the 
great antiquity of the lake-dwellings, that they are not 
mentioned by any of the Boman historians.* 

That iron should have been one of the last of the metals 
to come into general use, is partly accounted for by the 
oircumstanoe that iron, though one of the most generally 
diifused of minerals, never presents itself in a natural state, 
except in meteorites ; and that to recognise its ores, and 
then to separate the metal from its matrix, demands the 
exercise of no small amount of obseivation and invention. 
Persons unacquainted with minerals would be unable to 
discover the slightest afQnity between the rough ironstone 
as brought up from the mine, and the iron or steel of com- 
meroo. To unpractised eyes they would seem to possess 
no properties in common, and it is only after subjecting 
the stone to severe processes of manufacture that usable 
metal can be obtained from it. The effeotual reduction of 
the ore reqnires an intense heat, maintained by artificial 
methods, such as furnaces and blowing apparatus, f But it 
is principally in combination with other elements that iron 
is BO valuable when compared with other metals. Thus, 
when combined with carbon, in varying proportions, sub- 
stanoes are produced, so different, but each so valuable, 
that they might almost he regarded in the light of distinct 
metals, — such, for example, as cast-iron, and cost and bar- 


lost, perhaps because no longer needed 
since the invention of eted, tiie en- 
cienls manufactured bronze tools ea- 
pnble of taking n fine edge. In our 
own time, Chniitiey the sculptor, in 
his revoience for dassic meWur^j, 
bad a bronze razor made with whidi 
he mnrtyied himeclf in ehaving ; bnt 
DO one followed his example. 


* See Appendix I. 
t It may be mentioned in pssaug, 
that while Zino is fusible at 3° of 
Wedgwood's pyrometer, Silver at 22°, 
Copper at 27 , and Cold at 32°, Osst 
Iron Is only fusible at 130°. Tin 
(one of the constitnenta of the ancient 
bronze) and Lead are fudble at mneh 
lower degreea than zIna 
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sleel ; iho vaviotia qualities of iron enabling it to be used 
for pui-poses so opposite as a steel pen and a railroad, 
tbe needle of a mariner’s compass and an Armstrong gnn, 
a surgeon’s lancet and a steam engine, tbe mainspring of 
a -watcb and an iron ship, a pair of scissors and a Nasmyth 
hammer, a lady’s eanings and a tubular bridge. 

The -variety of purposes to -which iron is thus capable of 
being applied, renders it of more use to manldnd thau all 
the other metals oomhinod. Unlike iron, gold is found 
pure, and in an almost workable state; and at an early 
period in history, it seems to have been much more plen- 
tiful than iron or steel. But gold was unsuitod for the 
purposes of tools, and -would serve for neither a saw, a 
chisel, an axe, nor a sword ; whilst tempered steel could 
answer all these purposes. Hence wo find the early war- 
like nations making the hacks of their swords of gold or 
copper, and economizing their stool to fonn the cutting edge. 
This is illustrated by many ancient Scandinavian weapons 
in the museum at Copenhagen, which indicate the greatest 
parsimony in the use of steel at a period when both gold 
aud copper appear to have been comparatively abundant. 

The knowledge of smelting and working in iron, like most 
other arts, came from the E^t. Iron was espeoiaily valued 
for purposes of war, of which indeed it was rogorded as the 
symbol, being called “Mars” by the Eomans.* We find 
frequent mention of it in the Bible. One of the earliest 
notices of the metal is in connexion -with the conquest of 
Judea by the Philistines. To complete the subjection of 
the Im-aolites, their conquerors made captive all the smiths 
of the land, and carried them away. The Philistines felt 
that^ their hold of the country was insecure so long as 
the inhabitants possessed the means of forging weapons. 
Hence “there was no smith found throughout all the land 


• rijc Roman! named the other Silver Jhma, and so on ; and our own 
^s after the gode. Thus Quick- language bos received a eolowins 

«!!!'■ i-rad from tbe Roman nomesdatiive, which 

Sotnnr, Tin Jujnir, Coi.por Fenus, ! It continnw to retain,. 
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of Israel ; for tLe Philistines said, Lest the Hebrews make 
them swords or spears. But the Israelites went down to 
the I’hilistinea, to shai-pen every man his share, and his 
coulter, and his axe, and his mattock.”* At a later period, 
when Jerusalem was taken hy tiro Babylonians, one of 
their first acts was to caiay the smiths and other craftsmen 
captives to Bahylon.f Deprived of their armourers, the 
Jews were rendered compai'atively powerless. 

It was the knowledge of the art of iron-forging which 
laid the foundation of the once great ompiro of the Turks. 
Gibbon relates that these people were originally the de- 
spised slaves of the powerful Khan of the Geougen. They 
occupied certain districts of the mountain-ridge in the 
centre of Asia, called Imaus, Caf, and Altai, which 
yielded iron in largo quantities. This metal the Tmks 
were employed hy the Khan to forge for his use in war. 
A bold leader arose among them, who persuaded the iron- 
workers that the anus which they foi-ged for their masters 
might in their own hands become the instruments of 
fteodom. Sallying forth from tlieir mountains, they set 
up their standard, and their weapons soon freed them. 
Por centuries after, the Turkish nation continued to cele- 
brate the event of their liberation hy an annual ceremony, 
in which a piece of iron was heated in the fire, and a 
smith’s hammer was successively handled by the prince 
and his nobles. 

Wo can only conjecture how the art of smelting iron was 
discovered. Who first applied fire to the oro, and made it 
plastic j who discovered fire itself, and its uses in metal- 
lurgy? No one can tell. Tradition says that the metal 
was discovered through the accidental Wiring of a wood 
in Greece. Mr. Mushot thinks it more probable that the 
disooveiy was made on the conversion of wood into char- 
coal for culinaiy or ohamhei- purposes. "If a mass of 
ore,” he says, “ accidentally dropped into the middle of the 


* I. Samuel ziii. 19, 20. 


t II, Kings xxir, 16. 
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bui'iiing pile during a period of neglcot, or during the 
existence ofathoi'ough draught, a mixed mass, partly earthy 
and partly metallic, would be obtained, possessing ductility 
and extension under pressure. But if the conjecture is 
pushed still further, and wc suppose that the ore was not 
an oxide, but rich in iron, magnetic or spioulai', the result 
would in all probability be a mass of perfectly malleable 
iron, I have seen this fact illustinted in the roasting of a 
speoies of iron-stone, which was united with a considerable 
mass of bitmninous matter. After a high temperature had 
been excited in the interior of the pile, plates of malleable 
iron of a tough and flexible nature were formed, and wider 
circumstances whore there was no fuel but that furnished 
by the ore itself.”* 

The metal onoo disoo-vered, many attempts would be 
mode to give to that which had been the effect of accident 
a more unerring result. The smelting of ore in an open 
heap of wood or charcoal being found tedious and wastoful, 
as well as uncertain, would naturally lead to the invention 
of a furnace, with the object of keeping the ore suiTOiinded 
as much as possible with fuel while the process of con- 
version into iron was going forward. The low oonioal 
furnaces employed at this day by some of the tribes of 
Central and Southern Africa, arc perhaps veiy much the 
same in chameter as those adopted by the early tribes of all 
countries where iron was flrst made. Small 023cnings at the 
lower end of the cone to admit the air, and a larger orifice 
at the top, would, with charcoal, be sufficient to prodneo 
the requisite degree of heat for the reduction of the oro. 
To this tho foot-hlast was added, as still \isod in Ceylon 
^d in India; and afterwards tho water-blast, as employed 
in Spain (where it is known as the Catalan forge), along 
the coasts of the Mediterranean, and in some parts of 
America. 

It is worthy of remark, that the ruder the method em- 


' Pi^ert os Iron ettd Steel, 363-t. 
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ployed for tho reduction of the ore, the better the qua- 
lity of the iron usually is. Where the art is little 
advanced, only the most traotable ores are selected ; and as 
charcoal is the only fuel used, the quality of the metal is 
almost invariably excellent. The ore being long exposed 
to the charcoal fire, and the quantity made small, the 
result is a metal having many of the qualities of steel, 
capable of being used for -weapons or tools after a com- 
paratively small amount of forging. Dr. Livingstone 
speaks of the excellent quality of the iron made by tho 
African tribes on the Zambesi, who refuse to use ordinai'y 
English iron, which they consider “ rotten,” * Du Chaillu 
also says of the Fans, that, in making their best knives 
and arrow-heads, they will not use European or American 
iron, greatly preferring their own. The celebrated leoote 
or steel of India, made in little cakes of only about two 
pounds weight, possesses qualities which no European steel 
can surpass. Out of this material the famous Damascus 
sword-blades were made ; and its use for so long a period is 
perhaps one of the most striking proofs of the ancient 
civilization of India. 

The early histoi-y of iron in Britain is necessarily very 
obscure. When the Komans invaded tho country, tho 
metal seems to have been 'already known to the tribes along 
the coast. Tho natives had probably smelted it themselves 
in their rude bloomciies, or obtained it &om the Phoeni- 
cians in small quantities in exchange for skins and food, or 
tin. We must, however, regard the stories told of the 
ancient British chariots armed with swords or scythes as 
altogether apocryphal. The existence of iron in sufficient 
quantity to be used for snob a purpose is incompatible 
with contemporary facts, and -unsupported by a single 


* Dr. Livingstone brought with him | sian ; both of which kind! nro smelteil 
to England a piece of tho Zambesi iron, with charcoal. The AA'lcan iron 
which be sent to a skilled Birmingham wai found “ highly carbonized,” and 
blacksmith to test. The result was, " when chilled it poeaessed the pro- 
fhat . he pronounced the metal as perfiea of aicel.” 

(trongly esembling Swedish or Kua- 
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vestige remaining to our time. The country was then 
mostly forest, and tJjo roads did not as yot exist upon 
wMcli cliariots could bo used; whilst iron was too scarce 
to bo mounted as scythes upon chariots, when the war- 
riors themBolves wanted it for swords. Tbo orator Cicero, 
in a letter to Trobatius, then serving with the army in Bri- 
tain, sarcastically advised him to capture and convoy one 
of these vehicles to Italy for exliibition ; birt wo do not 
heal’ that any specimen of the British war-chariot was over 
seen in Home. 

It is only in the tumuli along the coast, or in those of 
the lioinano-British period, (hat iron irairloinonts nin ever 
'ound ; wliilst in the ancient burying places of the interior 
of the country they are altogether wanting. Herodian 
says of the British pursued by Severus through tho feus 
and marshes of the east coast, that they wore iron hoops 
round their middles aud their nooks, esteeming them as 
oi-noments and tokens of riches, in like manner as other 
barbarous people then esteemed ornaments of silver and 
gold. Their only money, according to Ccesar, consisted of 
pieces of brass or iron, induced to a certain standard 
weight.* It is pai'tioularly important to ohsorve, says 
M. Worsaae, that all tho antiquities which have hitherto 
been found in the large burying places of (ho Iron period, 
in Switzerland, Bavaria, Baden, Brance, England, aud tho 
'Noi’th, exhibit traces more or loss of Eomnn influence.t 

The Homans themsolvos used weapons of hronzo when 
they could not obtain iron in sufBoient quantity, and many 
Df the Homan weapons dug out of the ancient tumuli are 
of that metal. They possessed the art of temporiug and 
hardening bronze to such a degree as to onahlo them to 

* Holtksiieo, i. 517. Iron was i it is not uncommon, I .rni told, for a 
also tire currency of the Spartan-s, but workman to cniTjr nails, instead of 
it has been usra as suck in much money, to tho baker’s shop or the ale- 
more recent tiroes. Adam Smith, in house.” 

histreoflAo/A’aifowfBookl. ch.4, f jPrimecal JntiguU<iia of Dm 
pnbliahed in 1776), says, “ there Is mark. London, 1849, p. 140, 
at tills day n village in ^tland where 
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manufacture swords with it of a pretty good edge ; and in 
those countries which they penetrated, their bronze im- 
plements gradually supplanted those which had been pre- 
viously fashioned of stone. Great quantities of bronze tools 
have been found in difforent parts of England, — sometimes 
in heaps, as if they had been thiewn away in basketfuls as 
things of little value. It has been conjectured that when 
the Bomans came into Britain they found the inhabitants, 
especially those to the noi-thward, in vejy nearly the same 
state as Captain Cook and other voyagers found the in- 
habitants of the South Sea Islands; tliat the Britons parted 
with their food and valuables for tools of inferior metal 
made in imitation of their stone ones ; but finding them- 
selves cheated by the Bomans, as the natives of Otaheite 
have been cheated by Europeans, the Britons relinquished 
the bad tools when they became acquainted with articles 
mado of bettor metal.* 

The Boman colonists were the first makers of iron in 
Britain on any large scale. They availed themselves of 
the mineral riches of the countiy wherever they wont. 
Every year brings their extraordinary industrial activity 
moi'o clearly to light. They not only occupied the best 
sites for trade, intersected tha land tvith a complete system 
of weU-construoted roads, studded our hills and valleys 
with towns, villages, and pleasure-houses, and availed 
themselves of our medicinal springs for purposes of baths 
to an extent not even exceeded at this day, but they ex- 
plored our mines and quaixies, and carried on the smdting 
and manufacture of metals in nearly all parts of the 
island. The heaps of mining refuse left by them in tlio 
valleys and along the hill-sides of Iforth Derbyshire are 
still spoken of by the country people as “ old man,” or the 
V old man’s work.’’ Tear by year, from Dai'tmoor to the 
Moray Eiiih, the plongh turns up fresh traces of their 

* See Dr, Pciueou’s paper iu the- | uiensile found is Uie river Withenv 
TraKactions, 1796, re- I between EIrkelend end iisooln. 
lahre to certain ancient anus and J 
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indefatigable industry and enterprise, in pigs of lead, 
implements of iron and bronze, vessels of pottery, coins, and 
sculpture; and it is a remarkable ciroumstanoo that in 
several districts where the existence of extensive iron 
beds bad not been, dreamt of until within the last twenty- 
years, as in Northamptonshire and North Yorkshire, the 
remains of ancient -workings recently discovered sho-w that 
the Boman colonists were fully acquainted with them. 

But the principal iron mines worked by that people 
were those which were most conveniently situated for 
purposes of exportation, more ospeoially in the southern 
counties and on the honlera of Wales. The extensive 
cinder heaps found in the Forest of Dean — which formed 
the readiest resource of the modem iron-smelter when im- 
proved processes enabled him to reduce them — show ‘hat 
their principal iron manufaotnres were carried on in that 
quarter.* It is indeed matter of history, that about seven- 
teen hundred years since (ii.D. 120) the Romans had forges 
in the West of England, both in the Forest of Dean and in 
South Wales ; and that they sent the metal from thence to 
Bristol, whore it was forged and made into weapons for the 
use of the troops. Along the banks of the Wye, the 
ground is in many places a continuous hod of iron cinders, 
in which numerous remains have been found, furnishing 
unmistakeable proofs of the Boman furnaces. At the same 
time, the iron ores of Sussex were extensively worked, as 
appears from the cinder heaps found at Maresfield and 


• "InthcFtirestofDiMHiand there- 
abouts tho iron is made at this day of 
cinders, beinj; the rough and ofilil 
thrown by in the Roman time ; they 
then haring only foot-blasts to melt 
the ironstone ; but now, by the force of 
a great wheel that drives a pair of 
beliowB twenty feet long, all that iron 
is extracted out of the cinders which 
oonld not he forced from it by the 
Bomaa feot-hlast. And in the Forest 
of Proi and thereabouts, and as hig)i 


as Worcester, there are great and in- 
liiiite quantities of these ciuders ; some 
in vast mounts above gi-ound, some 
under ground, which will supply the 
iron works some hundi-eds of yearn; 
and these cinders are they which make 
the prime and best iron, and with much 
less ohnrcoal than doth the ironstone.” 
—A. yABiuNTOir, SnglancPt Im> 
protenentb>iS»aandLmi. London, 
1877. 
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several places in that county, iutenaixed with Roman 
pottery, coins, and other remains. In a hed of scoiim 
several acres in extent, at Old Land Fam in Maiesfield, 
the Eov, Mr. Turner found the remains of Homan pottery 
BO numerous that scarcely a harrow-load of cindom was 
removed that did not contain several fragments, together 
with coins of the reigns of Nero, Vespasian, and Dioele- 
sian.* 

In the turbulent infancy of nations it is to be expected 
that we should hear more of the Smiti, or worker in iron, 
in connexion with war, than with more peaceful pursuits. 
Although ho was a nail-maker and a horse-shocr — made 
axes, chisels, saws, and hammers fur the artificer — spades 
and hoes for the farmer — bolts and fastenings for the lord’s 
castle-gates, and chains for his draw-bridge — ^it was prin- 
cipally because of his sldll in armour-work that ho was 
esteemed. He made and mended the weapons nsed in the 
chase and in war — the gavelocs, hills, and battle-axes ; he 
tipped the bowmen’s arrows, and furnished spear-heads for 
the inen-at-aims ; but, above all, he forged the mail-ooats 
and cuirasses of the chiefe, and welded their swords, on 
the temper and quality of which, life, honrnu', and victory 
in baltlo depended. Henco the great estimation in which 
the smith was held in the Anglo-Saxon times. His pomon 
was protected by a double penalty. He was treated as an 
officer of the highest mnk, and awarded the first place in 
precedency. After him ranked the maker of mead, and 
then the phjsloian. In the royal court of 'Wales he sat 
in the great hall with the king and queen, next to the 
domestio chaploia ; and even at that early day there seems 
to have been a hot spark in the smith’s throat which 
needed much quenching ; for ho was “ entitled to a draught 
of every kind of liquor that was brought into the hall.” 

The smith was thus a mighty man. 'The Saxon Chrouiolo 


* M. A. Lowbb, Oanlylbutions to fJlcralure, T/ktcrM, Anfijm-tai, Vid 
3f«trieal. London, 1854, |>p. 88-9. 
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describes the valiant knight himself as a “ mighty war- 
Binilh." Bnt the smith was greatest of all in hia forging 
of swords ; and the bards wore wont to sing iho praises 
of tho knight's “ good sword ” and of the smith who made 
it, as well as of tho Imight himself who wielded it in 
battle. Tho most exti-aordinnry powers were attributed to 
tho wcaimn of stool when first invonted. Its shaipness 
Hcomed so marvollona when compared with ono of bronze, 
that with the vulgar nothing but magic could account for 
it. Traditions, enshrined in fahy tales, still siii-vive in 
moat countries, illustrative of its magical properties. The 
weapon of bronze was dull; but that of steel was bright — ■ 
the “ white sword of light,” oue touch of which broke 
spells, libemted enchanted princesses, and froze giants' 
maiTOW. King Arthur’s lus^c sword “Excalihur” was 
regarded as almost heroic in tho romanoo of chivalry.* So 
were the swords " Galatin” of Sir Gawain, and “ Joyeuse ” 
of Charlemagne, both of which woro reputed to he iho 
work of Welaud the Smith, about whose name clusters so 
inuoh traditional glory as an ancient u'orkor in metals.t 
The heroes of tho Northmen in like manner wielded magic 
awords. Olavc the Nonvegian possessed the sword “ Maca- 
huin,” forged hy the dark smitli of Di onthoim, whoso feats 
are recorded in tho tales of tho Scalds. And so, in like 
manner, traditions of tho supoi-natnml power of tho hlaok* 
smith are fonnd existing to llris day all over tho Scottish 
IIighIandB.J 

"When William the Norman invaded Britain, ho was well 


* TJiis famous s\roi^ was after- 
waiils scut 1>y Richard I. os a present 
to Tancred ; and the ralne attached to 
the weapon may ha estimated by the 
ihei that the Cimsader sent the English 
monarch, in return for it, “four great 
shira nud fifteen gnlleys." 

t Welnnd was the Saxon Ynlran. 
The name of Welnnd'a or Wayland's 
Smithy is still given to a monumimt 
Ml homhoum Downs in ’Wiltshire, Tho 


place is also knowu as Waylaiid Smith’s 
C'ave. It consists of a ruilo gallny 
of atono.s. 

I Among the Scythians tlie iron 
swoi-d was n god. It was the image 
of Mara, nnd aaciificcs were made to 
it. " An iron swoid,” says Mr. Camp- 
bell, " redly was once worahlpped by 
a iieople with whom iron was rare. 
Iron is rare, while stone nnd hrnna 
weaponr are common, in British tomln^ 
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supplied with smiths, TIis followers wore clad iu armour 
of steel, and funiished with the best weapons of the time. 
Indeed, their superiority in this respeot is supposed to 
liavo been the principal cause of William’s victory over 
Harold ; for the men of both armies were equal in point of 
bravery. The hTonnans had not only smiths to attend to 
the ai-ms of the knights, hut farriers to shoo their horses. 
Henry do I’errariis, or FoiTCie, “ prefectus fahromm,” was 
one of the principal ofScora entrusted with the supervision 
of the Conqueror’s ferrieiy department ; and long after the 
earldom was founded his descendants continued to bear on 
their coat of arms the six horse-shoes indicative of their 
origin.* William also gave the town of Northampton, 
with the hundred of Facklej', as a fief to Simon St. Liz, in 
consideration of his providing shoes for his horfses.l But 
though the praotice of horse-shoeing is said to have been 
introduced to this country at tho time of the Conquest, it 


and the sword of these stories is n 
pei-sounge. It shine-^t, it cries out — 
the lives of men nrc bound up in it. 
And so tliis mj-etic swold may, pei'- 
haps, bare been n god nmongst the 
Celts, or tho god of the people with 
whom tho Ce& contended somewhere 
on their long journey to the west. It 
is a fiction now, bnt it may be founded 
on foot, and that fact j^bably was 
the 6ist use of iron.” To this Jny 
an old hoi3s-sbo° is considered a potent 
spell iu some districts against the 
owers of evil ; and for want of a 
orse.sIioe a hit of a rusty reaping- 
hook is supposed to have e^unl power, 
" Who were these powers of evil who 
conld not resist iron — ^tbese fairies 
who shoot stone aiTows, and arc of 
the foes to the human race ? Is nil 
this bnt a dim, hazy recollection of 
war between a people who had iron 
weapons and a laoe who had not— 
tho race whoso ivmains are found all 
pvoi'Earope? If these were wander- 
ing tribes, they had leaders ; if tliey 


were wailikc, they had weapons. There 
is a smith in the Pantheon of many 
nations. Vulcinwas n smith; Thor 
wielded a hammer ; ewn Fiona hod-n 
hammer, which was faeaid in Lochlann 
when sti'nck in Eirion, Fiona may 
have borrowed hie hammer from Thor 
long ago, or both may have got tbeii's 
fiom Yulenn, or all three may have 
brought hammeie with them from 
tho land where some primeval smith 
wielded the iirat sledge-hammer ; bat 
m.ay not nil these smith-gods be tire 
smiths who made iron weapons for 
those who fought with the skin-clad 
warrioie who shot flint-aiTOWs, and 
who ore now bogles, fairies, and de- 
mons? In any case, tales about smiths 
seem to belong to mythology, and to 
bo common properly,” — CampbeUi, 
Popular Msaofthe West ffighlanA, 
Preface, 74-8. 

• Bao'VE, Siscamy of Srors fit 
(he Catalogue of the JVoitY%,’ 198. ' 

t Msyaieir, i. 11. ' 

0 2 ■ 
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is probably of an earlier date ; as, according to Dugdale, 
an old Saxon tenant in capite of Welbeok in Nottingham 
shiro, named Gamelbere, held two carucates of land by 
the service of shoeing the king’s palfrey on all four feet 
with the king’s nails, as oft as the king should lie at the 
neighbouring manor of Mansfield. 

Although we hear of the smith mostly in donnexion 
with tlie fabrication of instruments of war in the Middle 
Ago.s, his importance was no less recognized in the ordinary 
affairs of rtual and industrial life. He was, ns it were, 
the rivet that held society together. Nothing could be 
done without him. "Whorevor tools or implements were 
wanted for building, for trade, or for husbandry, his skill 
was called into requisition. In remote places he was 
often the sole mechanic of his district ; and, besides being 
a tool-maker, a fairier, and agricultural implement maker, 
he doctored cattle, drew teeth, pi-actised phlebotomy, and 
sometimes offidatod as parish clerk and general news- 
monger ; for the smithy was the very eye end tongue of the 
village. Hence Shakespeare’s picture of the smith in 
King John : — ■ 

“ I saxi n smith stimd with his hammer, thus. 

The whilst his iron did on the anvil cool, 

With open mouth swallowing a tailor’s neivs." 

The smith’s tools were of many sorts; but the chief 
were his hammer, pincers, chisel, tongs, and anvil. It is 
astonishing what a variety of aiiiicles he turned out of his 
smithy hy the help of these rude implements. In Iho 
tooling, chasing, and consummato knowledge of the capa- 
bilities of iron, he greatly surpassed the modem workman ; 
for the mediaeval blacksmith was an artist as well as a 
workman. The numerous exquisite specimens of his handi- 
craft which exist in our old goteways, church doors, 
altar railings, and ornamented dogs and andirons, still 
servo as types for continnal reproduotion. Ho was, indeed, 
the most “ ounninge workman” of his time. But besides 
all this, he was an engineer. If a road had to be made, 
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or a Rtreara cm'bankcd, or % trencli dug, lie was iuvariuLly 
called upon to provide tho tools, and often to direct tho 
work. He was also the military engineer of liis day, and 
as late as the reign of Edward HI, we find the king 
repeatedly sending for smiths from the Forest of Dean 
to act as engineers for the royal army at the siege of 
Berwiok. 

The smith being thus the earliest and most important of 
meohanicB, it will readily be understood how, at the time 
when sumamos were adopted, his name should have been 
BO common in all European countries. 

From, whence came Smith, all be he kntghi or squire, 

But from the smith that forgeth in the tire?'** 

Hence tho multitudinous family of Smiths in England, in 
some oases vainly disguised under the “Smythe” or “Do 
Smijthe in Germany, tho Schmidts j in Italy, the Fabri, 
Fabrioii, or Fabbroni ; in France, the Lo Fobres or Lefevres ; 
in Scotland, the Gowa, Gowans, or Cowans. We have also 
among us the Biownsmiths, or makers of brown bills 5 the 
Nasmyths, or nailsmiths; the Anowsmiths, or makers of 
arrowheads ; tho Spoarsmiths, or spear makers ; tho 
Shoosmiths, or horse shocrs ; the Goldsmiths, or workers 
in gold ; and many more. The Smith proper was, however, 
the worker in iron — tho maker of iron tools, implements, 
and arms— and hence this name exceeds in number that of 
all the others combined. 

In course of time the smiths of particular districts began 
to distinguish themselves for their excellence in particular 
branches of iron-work. From being merely tbo retainer of 
some lordly or religions establiahment, the smith worked 
to supply tbo general demand, and gradually became a 
manufaotui-er. Thus Iho makers of swords, tools, bits, 
and nails, congregated at Birmingham; and tho makers 
of knives and arrowheads at SbefiSeld, Chaucer speaks pi 


# CiLssaT, 
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tlic of Trompington as provided witli a Slieffield 

wHttle : — 

“ A Shcfcid tliwytol baiv he in his hose.’’* 

Til© comnioii Englisli arrowlioads loainifactiirod at Slief" 
field were long celebrated for their escellent tompei-j as 
S heffi eld iron and steel plates aro now. Tho battle ot 
Hamildon, fought in Scotland in 1402, was won mainly 
through their e.xcellence. The historian records that they 
penetrated the armoiu- of the Earl of Douglas, which had 
been three years in making ; and they were “ so sharp and 
strong that no amour could repol thorn.” The samo 
arrowheads were fomid eqiudly efficient against French 
amour on the fields of Orooy and Agincourt. 

Although Scotland is now one of tho principal sonrees 
from which our supplies of iron are drawn, it was in andont 
times greatly distressed for want of tho metal. The people 
were as yet too little akiUod to he ahle to tum their great 
mineral wealth to account. Even in the time of Wallace, 
they had scai'cely emerged from the Stone period, and were 
under the necessity of resisting their iron-armed English 
advoinaries fay means of rude weapons of that material. To 
supply themselves with swords and spearheads, they im- 
ported stool from Flanders, and tho rest they obtained by 
marauding incursions into England. The district of Fur- 
ness in Lancashire — ^thon as now an irouvproducing district 
— was frequently ravaged with that object ; and on such 
oooasions the Scotch seized and carried off all the manu> 
faotnred iron they could find, preferring it, though so heavy, 
to every other kind of plunder.f About the same period, 
however, iron must haveheen regarded as almost a precious 

* Before taUe-koires were Invent- stone ns well as a knife; and one 
ed, la tbe aiiteentli eentary. tlia knife of Qneen Elixnbeth’s presents , to the 
'tms a very important article; each Bar] of leleestsr was a whelstone 
goest at table bearing his own, and tipped with gold, 
sharpening it at the whetstone hnng f The early scawity of iron in 
up in the passage, before sitting dora Scotload is oonfirmed by Fi-oissnrl, 
t» dinner Some even carried a wl»t- who says,— “In Scotland you will 
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metal even in England itself ; for we find that in Edward 
the Third’s reign, the pots, spits, and frying-pans of the 
royal kitchen were classed among his Majesty’s jeAvels.** 

The same famine of iron prevailed to a still gi-eater 
extent in the Highlands, where it was even more valued, 
as the clans lived chiefly hy hunting, and were in an 
almost constant state of fend. Hence the smith was a 
man of indispensahle importance among the Highlanders, 
and the possession of a sldltril armourer was greatly valued 
by the chiefs. The story is told of somo delinquency 
having been committed by a Highland smith, on whom 
justice must be done ; but as the chief could not dii^ense 
with the smith, he generously offered to hang two weavers 
in his stead ! 

At length a gi'eat armourer arose in tho Highlands, who 
was able to forge armour that would resist the best Sheffield 
arrow-heads, and to make swords that would vie with the 
best weapons of Toledo and Milan. This was the famons 
Andrea do Ferrara, whose swords still maintain their 
ancient reputation. This ■worlonan is supposed to have 
learnt his art in tho Italian city after which ho was 
called, and returned to praotise it in seoreoy among tho 
Highland hills. Before him, no man in Great Britain 
is said to have known how to temper a sword in such a 
way as to bend so that the point should touch the hilt and 
spring hack uninjured. The swords of Andrea do Ferrara 
did this, and were accordingly in groat request ; for it was 
of every importance to the warrior that his weapon should 
he strong and sharp without being nnwioldy, and that it 


naver find a man of wortli ; they a«o 
like savages, who wish not to be ac- 
quainted with any one, are envious of 
the good tbrtune of otliere, and sus- 
picions of lodog anything themselves ; 
for their country is very pooi\ When 
the English make inroads thither, ns 
they have very frequently done, they 
order' their provisions, if thqr wish to 


live, to follow dose at their backs; for 
nothing is to he had in that cqpntry 
withont great difficulty. There is 
neither iivn to shoe hoiees, nor leather 
to make harness, saddles, or bridles: 
all these things come ready made ireni 
Flanders by sea : and shbuld these fkil, 
there is none to be bed in theconntcy,'- 
* Paxeub’b Snglkh Home, 77. 
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Bhould not Idc liable to snap in the act of combat. This 
celebrated smith, whose personal identity* has become 
merged in the Andrea da Forrara swords of his manufacture, 
pursued his craft in the Highlands, where he employed a 
number of skilled workmen in forging weapons, devoting 
Lis own time principally to giving them their required 
temper. He is said to have worked in a dark collar, the 
better to enable him to pemeive the effect of the heat upon 
the metal, and to watdh the niooty of the operation of 
tempering, as well as possibly to serve as a screen to his 
secret method of working.'!' 

Long after Andrea do Feimra’s time, the Scotch swords 
were famons for their temper; Jndge Marshal Patton, who 
accompanied tho Protector’s expedition into Scotland in 
1547, observing that “ the Soots came with swords all broad 
and thin, of exceeding good temper, and universally so 
made to slice that I never saw none so good, so I think it 
hard to devise a better." The quality of tlie steel used 
for weapons of war was indeed of no leas importance for 
the effectual defence of a country then than it is now. The 
courage of the attacking and defending forces being equal, 
the victory would necessarily rest with the party in pos- 
session of tho heat weapons. 

England herself has on more than one oocasion been 
supposed io he in serious peril because of the decay of 
her iron manufactures. Before the Spanish Armada, the 


* The pncliK time at which Andrni 
(ie* Fenira floarished cannot be fixed 
with accuracy; but Sir Walter Scott, 
inoueofthenotesto WaMr%,says he 
is heliered to hare been a foi-dva 
artist {nought over by James IV. or v . 
of Scdtland to inatmet the Soots in tho 
manufaoture of sword-hlades. The 
geaufne wreajiona have a crown marked, 
on the blades. 

t Mr, Partes, in his Nasay on t/is 
Mamfaeture of Edge TooU, says, 
“Haii th(s ingenious artfst thaug)it of 


-n hath of oil, be might hare heated 
I this by means of a furance underneath 
it, .ind by the use of a thenuotneter, 
to the exact point which he found 
neceawtry; though it la inconvenient 
to h.ive to employ n Ihoi'memcfer for 
every distinct opemUon. Or, if he 
had been in the possession of a proper 
batlt of fusible tneial, he would Iwve 
attained the ncceasavy certainty in his 
pi'oooss, and need not have iinmur^ 
himself in a sabternmean npartment." 
--PABjtEs’ Emya, 184J, p. 49)5, 
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produoliun of iron iiad Leon greatly discouraged because 
of iLc destruction of timber in the smelting of the ore — 
the art of reducing it with pit coal not having yet been 
invented ; and we wore consequently mainly dependent 
upon foreign countries for our supplies of the material out 
of which arms were made. The host iron came from 
Spain itsolf, then the most powerful nation in Europe, and 
as celebrated for the excellence of its weapons us for the 
discipline and valour of its troops, llie Spaniards prided 
themselves upon the superiority of their ir on, and regarded 
its scarcity in England as an important element in their 
calculations of the conquest of the country by their famous 
Armada. "I have heard,” says Harrison, ‘‘that when 
one of the greatest peers of Spain espied our nakedness in 
this behalf, and did solemnly utter in no obscure place, 
that it would bo an easy matter in short time to conquer 
England because it wanted armour, his words were not so 
rashly pttered as politely noted.” The vigomr of Queen 
Elizabeth promptly supplied a remedy by the large impor- 
tations of iron which she caused to be made, principally 
from Sweden, as well as by the increased aotivify of the 
forges in Sussex and the Forest of Dean ; ” whereby,” adds 
Harrison, “England obtained rest, that otherwise might 
have been sure of sharp and cruel wars. Thus a Spanish 
word uttered by one man at one time, overthrew, or at 
the leastwise hindered sundry privy practices of many at 
another.” * 

Nor has the subject which occupied the earnest at- 
tention of politicians in Queen Elizabeth’s time ceased to 
be of interest ; for, after the lapse of nearly three hundred 

* Housaiwv, Niatory England, expressly cnjoincil the Spanish Aiwoiis 
It was even said to have heen one that if, when loaded, they should not 
of the objeetB of the Spnnisli Aimadu lo able to subdue our nation and mokt 
to get the oaks of the Foivat of Dean good their conquest, they should yet 
destroyed, in order to prevent further bo sura not to ieere a tree standing 
emalting of the iron. Thus Evelyn, in the Forest of Dean." — ^KTlCHOia, 
in his Sylta, says, "1 have henid that llktory ofttn Ahrest iff fiwn, p. ' 
In the greet ex|^ltlou of 1588 it wee 
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yeara, we find tlie smith amd the iron manufacturer still 
uppermost in puhlio disoussions. It has of Into years been 
felt that our muoh-prized “ hearts of oak ” are no nioro ahlo 
to stand against tho prows of mail which wore supposed to 
threaten them, than the sticks and stones of tho ancient 
tribes were able to resist the men armed with weapons of 
bronze or steel. What Solon said to Oroosus, when tho 
latter was displaying his gi'eat treasm-os of gold, still holds 
time : — " If another comes that hath better iron than yon, 
he will bo master of all that gold.” So, when an alehoniist 
waited upon the Duke of Bninswick during the Seven 
Years’ War, and offered to oommunicate tho secret of con- 
verting iron into gold, the Duke replied : — “ By no moans : 
I wont all the iron I can find to resist my enemies : as for 
gold, I got it from England.” Thus the strength and 
wealth of nations depend upon coal and iron, not forgetting 
Men, far more than upon gold. 

Thanks to our Aimstronga and Whitworths, our Browns 
and our Smiths, the iron defences of England, manned by 
our soldiers and our sailors, furnish the assurance of con- 
tinued seoui'ity for oui- gold and our wealth, and, what is 
infinitely more precious, for our industry and our libeily. 
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CUAPTEB II. 

Eablt English Ibon Mandpaoiure. 


“He that n-ell ohscms it, and hath knoivn Dia \rcli1s of .‘'tism, 
Surry, and Kent, the gnmd nursery cspeciidly of o.ike and beccli, slinl 
find snch an idteration, within lease than 30 ycci’cs, .ns may welt strike a 
feore, lest few J>eeres moi'e, as pestilent as theteimei-, will Icere fewe good 
trees standing in those welds. Such a hcate issueth out of the many 
forges and furnaces for the making of iron, and out of the glasse kilnes, 
as hath devoured many famous woods within the welds.” — JuiiH 
Nobdbn, iSltmoyors’ Dialoi/ue (1607). 


Fbw records exist of the manufacture of iron in England 
in early times. After the Eomans left the island, tho 
British, or more probably the Teutonic tiibes settlod along 
the south coast, continued the smelting and manufacture of 
tho metal after the methods taught them by the colonists. 
In the midst of the insecurity, hoT^ever, engendered by civil 
war and social changes, purouits of industry must 
necessarily have been considerably interfered with, and 
the ai't of iron-forging became neglected. I7o notice- of 
iron being made in Sussex occurs in Domesday Book, from 
which it would appear that the manufactme had in a groat 
measure ceased in that county at the time of the Conquest, 
though it was continued in the iron-producing districts 
bordering on 'Wales. In many of tbe Anglo-Saxon grave.? 
wbiob have been opened, long iron swords have been foimtl , 
showing that weapons of that motal wore in common use. 
But it is probable that iron was still soarce, as ploughs 
and other agricultural implements continued to be made 
of wood, — one of ftie Anglo-Saxon laws enacting that no 
man should undertake to guide a plough who could not 
make one ; and that the cords with which it Was hound, 
should be of twisted willows. Tho metal was held in 
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OEstoem pvincipallj' aa the material of war. All male adalta 
were required to be provided with weapons, and honour 
was awai-dcd to such artificers as excelled in the fabrication 
of swords, arras, and defensive armour.* 

Camden incidentally states that the manufacture of iron 
was continued in the western counties during the Saxon 
era, more particularly in the Forest of Dean, and that in 
the lime of Edward the Confessor the tribute paid by the 
city of Gloucester consisted almost entirely of iron rods 
Wrought to a size fit for making nails for the king's ships. 
An old religions writer speaks of the ironworkers of that 
day as heathenish in their manners, puffed up with pride, 
and inflated with worldly prosperity. On the occasion of 
St. Egwin’s visit to the smiths of Alocstor, as we are told 
in the legend, he found them given up to every kind of 
luxury i and when he proceeded to preach unto them, they 
beat upon their anvils in contempt of his doctrine so as 
completely to deafen him; upon which he addressed his 
prayers to heaven, and the town was immediately de- 
stroyed.t But the firstreoeption given to John Wesley by 
the miners of tho Forest of Dean, more than a thousand 
yoars later, was peihaps scarcely more gratifying than that 
given to St. Egwin. 

That woiking in iron was regarded as an honourable 
and useful calling in tho Middle Ages, is apparent from 
the extent to which it was followed by the monks, some of 
whom were excellent craftsmen. Thus St. Dunstan, who 
governed England in the time of Edwy tlie Fair, was a 
skilled blacksmith and metaHurgist. He is said to have 
had a forgo even in his hedroom, and it was there lliat bis 
reputed encounter with Satan ooourred, in which of conrso 
the saint came off the victor. 

* Wir.KTNS, Leges Sttx, 25, iron wns proctlscd froni nn early period. 

t Dio of St. Egwin, In Capgrave’s It wns originally called Alanna, being 
Sroea Legetuta Anglia. Alcester was, situated on the river Alno in Warwick* 
aa it* name indicates, an old Soman shim. It is still a >*at of the n^e 
settlement (situated on the Icknild manufacture, 

Street), where the art of worklnft ia 
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There was another monk of St. Alban’s, called Aulfotil ^ 
who flonrished in the twelfth century, so &.moua for his 
skill as a worker in iron, silver, gold, jewelry, and gilding, 
that he was invited by the king of Denmark to be his 
goldsmith and banker. A pair of gold and silver candle- 
sticks of his manufacture, pinsented by the abbot of St. 
Alban’s to Pope Adrian lY., were so much esteemed for 
their exquisite workmanship that they were consecrated to 
St. Peter, and wore the means of obtaining high eccle- 
siastical distinction for the abbey. 

We also find that the abbots of monasteries situated 
in the iron districts, among their other labouiB, devoted 
themselves to the manufacture of iron from the ore. Tlie 
extensive beds of cinders sUll found in the immediate 
neighbourhood of Pievaulx and Hackuess, in Yorkshh'e, 
show that the monks were well acquainted with the art of 
forging, and early turned to account the riches of the 
Cleveland ironstone. In the Forest of Dean also, the abbot 
of Flaxley was possessed of one stationary and one itinerant 
forge, by giant from Henry II., and he was allowed two 
oaks weekly for fhel, — a privilege afterwards oommufed, 
in 1268, for Abbot's Wood of 872 acres, which was held by 
the abbey until its dissolution in the reign cf Henry YIII. 
At the same time the Earl of Wai'wick had forges at work 
in his woods at Lydney ; and in 1282, as many as 72 foiges 
were leased from the Crown by various iron-smelters in 
the same Forest of Dean. 

There are numerous indications of iron-smelting having 
been conducted on a considerable scale at some remote 
period in the neighbourhood of Leeds, in Yorkshire. In 
digging out the foundations of houses in Briggate, the 
principal street of that town, many “ bell pits ” have been 
brought to light, from whi<fii ironstone has been removed. 
The new cemetoiy at Burmandtofts, in the same town, was 
in like manner found pitted over with these ancient holes.. 
The miner seems to have dug a well about 6 feet in dia- 
meter, and so soon as he reached the mineiul, he worked if 
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away all round, leaving tlic bell-Bhaj)od oavitios in ques- 
tion. lie did not attemi)t any galloiy excavations, but 
when the pit was exhausted, a fresh one was siink. The 
ore, when dug, was tiunsported, most probably on horses’ 
backs, to the adjacent districts for the convenience of fuel, 
h’or it was easier to cany the mineral to the wood — then 
exclusively used for smelting, — than to bring the wood 
to the mineral. Hence the numerous heaps of scorim 
found in the neighbourhood of Leeds, — at Middleton, 
’VVhitkirk, and Horsforth — ^all within the borough. At 
HomforlL, they are found in conglomerated masses from 
30 to 40 yards long, and of considerable width and depth. 
The remains of these cinder-bods in various positions, some 
of them near the summit of the hill, tend to show, that as 
the trees were consumed, a new wind furnace was erected 
in another situation, in order to lessen the labour of coiry- 
ing the fuel. There are also deposits of a similar kind at 
Ku’kby Overblow, a village a few miles to the north-east of 
Loods; and Thoresby states that the place was so called 
because it was the village of the “ Ore blowers,” — hence 
the corruption of “ Overblow.” A discovery has recently 
been made among the papers of the Wentworth family, of 
a contract for supplying wOod and oi-e for iron “ blomes " 
atKirskill near Otley, in the fourteenth century;'" Uiough 
the manufacture near that place has long since ceased. 

Although the making of iron was thus earned on in 
various parts of England in the Middle Ages, the quantity 
produced was altogether insufQoient to meet the ordinary 
demand, as it appears from our early records to have 
long continued one of the prinoipal articles imported from 


* The following is ,in extinct of 
this curious document, which is dated 
the 26th Dec. 1352:— 

_ " (3este endentwe fiiit entre monsiiv 
Richard de Goldcsburghe, chivalcr,dune 
pari, et Robert Totte, scignour, ^utiv 
Piwt, tesmoigne qe le dit monsii’e 
Richard ad graimte et leaie al dit 


Robert dciia Olyvcivs coiitcnaanz vynt 
quati'e hlomes de la feste seynt Piero 
od vincula lau du regne le Roi Edward 
tieiw apres le conqueste vynt lysme, 
cn sun pai'kc de Credceldc, rendant al 
dit moDsire Richard chesquae semayn 
quatorzse soutz dargent duraunt les 
deux Olyvers avaunt distj a laiir et 
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foreign gonntries. Engliuli iron was not only dearer, but 
it was much inferior in quality to that nmnufaotnred 
abroad ; and hence all the best arum and tools continued to 
bo made of foreign iron. Indeed the scarcity of this metal 
occasionally led to groat inconvenience, and to prevent its 
risiiig ill price Pai’liament enacted, in 1354, that no iron, 
cither -vva’ought or unwronght, should be exported, under 
heavy penalties. For nearly two hundred j’ears — that is, 
thi'onghout the fourteenth and fiftoentli centuries — ^the 
English market was principally supplied with iron and steel 
from Spain and Germany; the foreign merchants of the Steel- 
yard doing a large and profitable tindo in those commodities. 
While the woollen and other branches of trade were making 
considerable progress, the manufacture of iron stood still. 
Among the lists of articles, the importation of which was 
prohibited in Edward lY.’s imgn, with a view to the pro- 
tection of domestio manufactures, we find no mention of 
iron, which was still, as a matter of necessity, allowed 
to como freely from abroad. 

Tho first indications of revival in the iron mannfaoturo 
allowed tliemselves in Sussex, a district in which the 
Homans had established extensive works, and where smelt- 
ing operations wore earned on to a partial extent in 
the neighbourhood of Lewes, in the thirteenth and foni-- 
leeuth centuries, where the iron was principally made into 
nails and horso-shoos. Tho county ahoimds in ironstone, 

avoir al avaunt dit Roliort del avaunt dit monsirc liichaid assigne. £n tc,':- 
dit TDonsire Richard dc in fcale wyut nioig.iunz (sio)dciiuenxidioses accalea 
Piero avaunt diet, taunqne le hois suit presentee endentui'es les parties eater- 
ors dn dit p.arkc a la volnnte le dit chiiungablemcnt ount mys iour seals, 
mousiro Richard saunz interrupciono Escn’pt a Civslelde le meskerdy on la 
[s le dicte monsieur Richard trorein semayn de Fasque inn avannt dlste.*' 
a dit Robei't urre suflisaunt pui' lea It is probable that the " blomes" 
ditz Olyvers par le son donaunt : ffiese rereixeil to in this agieement were the 
mrda art Et fait a savoir bloomeries or Ri'es in which the iron 

qe lo dit Robert no nnle de soens con- wns made; and that the « oItoubs” 
pard ne abntera nule maneredaibre no ^vel’e forges or erections, each at which 
de boys pur ies deuz olyvers avaunt ditz contained so many bloomeries, but were 
mes mr la veu ct laiyverele dirmon- of limited dnrabUity, and probably 
siro Ifidiard, on pir uscun autre par le perished in ^e nainy[. 
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■frhicli is contained in the saudstono Lcds of the Forest 
ridge, lying hetvreen the chalk and oolite of tho district, 
called by geologists tho Hastings sand. The beds nm in 
a north-westerly direction, by Ashbuniham and Heatli- 
llold, to Crowborough and thoreabonts. In early times 
the region was covered with wood, and was known as tho 
Crteat Forest of Anderida. Tire Weald, or wild wood, 
abounded in oaks of great size, suitable for smelting ore ; 
and the proximity of the mineral to the timber, as well 
as the sibiation of tho district in the neighbourhood of tho 
capital, sufficiently account for tho Sussex iron-works being 
among tho moat important which existed in England pro 
vions to tho discovery of smelting by pit-coal. 

Tho iron manufacturers of the south were especially 
busy during the fifteenth and sixteenth centuries. Theii 
works were established near to the beds of ore, and in 
places where water-power existed, or could be provided 
by artificial means. Hence the numerous artificial ponds 
which are still to be found all over the Sussex iron 
district. Dams of earth, called “ pond-bays,” were thrown 
across watercourses, with convenient otitlets built of 
masoury, wherein was set the great wheel which worked 
the hammer or blow the furnace. Portions of tho ad- 
joining forest-land were granted or leased to tho iiuii- 
smelters; and the many places still known by the name 
of “ Chart” in the IVeald, probably mark tlie lands char- 
tered for the purpose of supplying the iron-works with 
their necessary fuel. The cast-iron tombstones and slabs in 
many Sussex churchyards, — the andirons and chimney 
backs* still found in old Sussex mansions and fann-honsoe, 
and such names asEumaoe Place, CindovHill, Forgo Farm, 
and Hammer Pond, which are of very frequent oocunenoe 

* The hack of a grata has recently wheelbarrow on J other iDipIemcnte for 
been fbnnd, cost hy Kchard Leonard the casting, and on a shield the pincen 
at J}i-cJe Furnace In 1636. It is nnd other marks of the blacksmith, 
curious os containing a representation Leonard was tenant of the linekvills 
of the ibundcr with his dog nnd onps ; fumnee at Little Udimore . — Stiisex 
M drawing of the furaaoe, with the Archaolagkal Collcetims, vol. xll. 
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tluongliout the county, clearly mark the extent and activity 
of this anoient branch of industry.* Steel vroa also manufoo 
tured at several places in the county, more particularly at 
Steel-T'orge Land, "VVarhleton, and at Bohertsbridge. Tho 
steel was said to be of good quality, resembling Swedish — 
both alike depending for their excellenoe on the exclusive 
use of charcoal in smelting tho ore, — iron so produced 
maintaining Us superiority over coal-smelted iron to this 
daj’. 

When cannon came to be employed in wai', the near- 
ness of Sussex to London and the Cinque Forts gave it a 
great advantage over the remoter iron-producing districts 
in the north and west of England, and for a long time the 
iron-works of this county enjoyed almost a monopoly of the 
manufacture. The metal was siUl too precious to be used 
for cannon balls, which were hewn of stone from quames on 
&Iaidstone Heath, Iron was only available, and that in 
limited quantities, for the fabrication of tho cannon them- 
selves, and wrought-iron was chiefly used for tho purpose. 
An old mortar which formerly lay on Bridge Green, near 
Front, is said to have been the first mortar made in 
England; I only the chamber was cost, while the tube 
consisted of bars strongly hooped together. Although the 
local distich says that 

*' Miister Huggett Bnd bis mnn John 
They did cast tiie ctmnoB,’' 

there is every reason to believe that both cannons and 
mortars were made in Sussex before Huggett’s lime ; the 
old hooped guns in the Tower being of the date of Henry VI. 
The first cast-iron cannons of English manufacture were 
made at Buxtead, in Sussex, in 1643, by Balph Hogge, 
master founder, who employed as his principal assistant 


* For an interesting account of the I Litsraiwt, Ewtoneat, Jntijpiarin»t 
early iron industry of Sussex eia \ and Metriooi. london, 1834. 

Id, A, lortER’s CbatriMibiu to] f vol. z. 472, 

O 
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one Peter Baiide, a Prenoliman. Gun-founding was a 
Freuoli invention, and Mr. Lower supposes that Iloggo 
brought over Bauds from Prance to teach his workmen the 
method of casting the guns. About the same time Soggo 
employed a skilled Flemish gunsmith named Peter Van 
Collet, who, according to Stowe, “devised or caused to 
be made certain mortar pieces, being at the mouth from 
eleven to nine inches wide, for the use whereof the said 
Peter caused to be made certain hollow shot of oast-iran to 
be stuffed with fyi-ework, whereof the bigger sort for the 
same has screws of iron to receive a match to carry fyre for 
to break in small pieces the said hollow shot, whereof the 
smallest piece hitting a man would kill or spoil him." In 
short, Peter Van Collet here introduced the manufacture of 
the explosive shell in the fom in which it continued to be 
used down to our own day. 

Baude, the Prenohman, afterwards sot up business on 
his own account, making many guns, both of brass and 
iron, some of which are still preseiwod in the Tower.* 
Other workmen, learning the trade from him, also began 
to manufacture on their own account; one of Baudo’s 
servants, named John Johnson, and after him his son 
Thomas, beooming famous for the oxccllonco of thoir oast- 
iron guns. The Hogges continued the business for several 
generations, and became a wealthy county family, Huggett 
was another cannon maker of repute ; and Owen become 
celebrated for his brass oulverins. Mr. Lower mentions, 
as a curious instance of the tenacity with which families 
continue to follow a particular vocation, that many per- 
sons of tho naime of Huggett still carry on the trade of 
blacksmith in East Sussex. But most of the early work- 
men at the Sussex iron-works, os in other branches of 
skilled industry in England during the sixteenth oontnry, 
u’ore foreigners — ^Flemish and French — many of whom had 

• One of these, 6J feet long, and of | beors the cast Inscription of Petrut 
H hujiee bore, mnnuihclured in 1548, 1 Pauclti GaUua ojieria artifea. 
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taken refuge intliis country from tko religious persecutions 
then raging abroad, wbile others, of special skill, -nrero 
invited over by the iron manufacturers to instruct their 
•workmen in the art of metal-founding.* 

As mneb •wealth was gained by the pursuit of the revived 
iron manufacture in Sussex, iron-mills rapidly extended 
over the ore-yielding district. The landed proprietors 
entered with zeal into this new branch of industiy, and 
when wood ran short, they did not hesitate to sacrifice 
their ancestral oaks to provide fuel for the furnaces. Mr. 
Lower says even the most ancient families, such as the 
Nevilles, Bowords, Peroys, Stanleys, Montagues, Pelhams, 
Ashhumhams, Sidneys, Sackvilles, Bacres, and Finches, 
prosecuted the manufacture -with all the apparent ai'dour 
of Birmingham and Wolverhampton men in modem times. 
William Penn, the courtier Quaker, had iron-fumaoes at 
Hawkluirst and other places in Sussex. The ruins of the 
Ashbumham forge, situated a few miles to the north-east of 
Battle, still serve to indicate the extent of the manufaotui'e. 
At the upper part of the valley in which the works were 
situated, an artificial lako was foi'med by constructing an 
embankment aoross the wateroourse descending &om the 
higher ground, "f and thus a suflEoient fall of water was 
procured for the puipose of blowing the furnaces, the site 
of wliioh is still marked by siuTOunding mounds of iron 
cindors and charcoal waste. Three quarters of a mile lower 
do^wn the ■valley stood the foige, also provided with water- 
power for working the hammer ; and some of the old build- 
ings are still standing, among others the horing-honse, of 
small size, now used as an ordinary labourer’s cottage. 


* Sir. Lower says, “Sranyforeignera 
were brought over to carry on. the 
woi'ks; which perhaps may account 
for the number of Erenchmen ond 
Germans •whose names appear in our 
parish registers about tlie middle of 
the sixteenth century.” — ContntuMens 


<0 Lilenitui-e, 108 . 

f The embanknient and sioioes of 
the fhmace-pond at the upper port of 
the Talley continue to he maintained, 
the lake heing usedhythe present Lord 
Adhuruhnm as a preserre for hah and 
watar-fowL 
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whore the guns wore hored. Tho machine was a mere 
upright drill worked by the water-wheel, which was only 
eighteen inches across the breast. Tho property belonged, 
as it still does, to the Ashbnrnham tamily, who are said 
to have derived great wealth from the manufacture of guns 
at their works, which were among the last canded on in 
Susses. The Ashbureham iron was distinguished for its 
toughiies.s, and was said to be equal to the best Spanish or 
Swedish iron. 

Many new men also booamo enriched, and founded 
county families ; the Puller femily finnkly avowing their 
origin in tho singular motto of Carbone etforcipilms — ^literally, 
by charcoal and tongs.* Men then went into Sussex to 
push their fortunes at tho forges, as they now do in 
Wales or Staffordshire ; and they succeeded then, as they 
do now, by dint of application, industry, and energy. The 
Sussex Archseologioal Papers for 1860 contain a curious 
record of such an adventurer, in the history of the founder 
of the Gale family. Leonard Gale was born in 1620 at 
* Hiverhead, near Sevenoaks, where bis father pursued the 
trade of a blacksmith. When the youth had reached his 
seventeenth year, his father and mother, with five of their 
sous and daughters, died of the plague, Leonaixi and his 
brother being the only members of tho family that survived. 
The patrimony of 2001. loft them was soon spent; after 
which Leonard paid off his servants, and took to work 
diligently at his felher’s trade. Saving a little money, ho 
determined to go down into Sussex, where we shortly find 


* Reminding one of the odd motto 
assumed h; Gillespie, tl\e tobacconist 
of Edinburgh, founder of Gillespie's 
irospitn], on whose enn'isge-paneis j 
was emblazoned n Scotch mull, with 
the motto, 

* AVba wad ba' Uiocbt ](, 
lliat nosca conid ha' bonglit it I" 

It is jnst possible that the Fullers 
may have taken tlicir motto from the 


woi’ds employed by JurennI in de- 
scribing the father of Demosthenes, 
who was 0 hlnoksmith and .a sword- 
I cutici' — 

" quern pater ardentls maeae tullgine 
lippus, 

Atortone d foycipitiut sladlosoiK 
parante 

Uicndo ct luleo Vnicaao ad ibeteqrs 
mlalt,'*. 
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him working the St. Leonard’s Forge, and aftei-wai-ds the 
Teneley Forge near Crawley, and the Cowden Iron-works, 
which then bore a high reputation. After forty years’ 
labour, he accumulated a good fortune, which he left to his 
son of the same name, who went on iron-forging, and 
eventually became a county gentleman, owner of the hou.so 
and estate of Cmbbett near Worth, and Hrembcr of Parlia- 
ment for £a.st Grinstead. 

Several of lie new families, however, after occupying a 
high position in the coimty, again subsided into tho 
labouring class, illustrating the Lancashire proverb of 
“ Twice clogs, once boots,” tho sons squandering what the 
fathers had gathered, and falling back into the ranks again. 
Thus the great Fowles family of Riverhall disappeared 
altogether from Sussex. One of them built the fino man- 
sion of Eiverhall, noble even in decay. Another had a 
grant of free warren from King James over his estates 
in Wadhurst, Frant, Eotheriield, and Mayfield. Mr. Lower 
says the fourth in descent from this person kept the turn- 
pike-gate at Wadhurst, and that the last of the fainil 3 ’, 
a daj’-labourer, emigrated to America in 1839, cairying 
with him, as the sole relic of his family greatness, the royal 
grant of free warren given to his ancestor. The Barhams 
and Mansers were also great iron-men, officiating as high 
sheriffs of the county at different times, and occupying 
spacious mansions. Ono brnneh of these families terminated, 
Mr. Lower says, with Nicholas Barham, who died in the 
workhouse at Wadhurst in 1788; and another continues 
to bo represented by a wheelwright at Wadhurst of the 
same name. 

The iron manufacture of Sussex reached its height 
towards the close of tho reign of Elizabeth, when the 
trade became so prosperous that, instead of importing iron, 
England began to export it in considerable quantities, in 
the shape of iron ordnance. Sir Thomas Leighton and Sir 
Henry Neville had obtained patents from the qneen, which 
enabled them to send their ordnance abroad, the conse- 
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qnenoe of whioli was that tho Sjianiai’ds were found aiming 
tlieir sliips and fighting us with guns of our own manu- 
facture. Sir Welter llaleigh, oalling attention to the 
subject in the House of Commons, said, “ I am sure here- 
tofore ono ship of Her Majesty’s was able to beat ten 
Spaniards, but now, by reason of our own ordnance, wo 
are hardly matoht one to ono.” Proclamations were issued 
forbidding the export of iron and brass ordnance, and a 
bill was brought into Parliament to put a stop to tlio 
trade; but, notwithstanding these prohibitions, tlie Sussex 
guns long continued to be smuggled out of the country in 
considerable numbers. “It is almost incredible," says 
Camden, “ how many guns are made of the iron in this 
county. Count Gondomar (the Spanish ambassador) well 
knew their goodness when he so often begged of King 
James the boon to export them." Though the king refused 
his aanotion, it appears that Sir Anthony Shirley of Weston, 
an extensive iron-master, succeeded in forwarding to tho 
King of Spain a hundred pieces of oaunon. 

So active were the Sussex manufacturers, and so brisk 
was tho trade they carried on, that during the reign of 
James I. it is supposed one-half of tho whole quantity 
of iron produced in England was made there. Simon 
Sturtevant, in his ‘Ti-eatise of Metallioa,’ published in 
1612, estimates the whole niunber of iron-mills in England 
.and Wales at 800, of which, he says, “there are fonre 
hundred milues in Surry, Kent, and Sussex, as the towns- 
men of Haslemere have testified and numbered unto me." 
But the townsmen of Haslemere must certainly have been 
exaggerating, unless they counted smiths’ and farriers’ 
shops in the number of iron-mills. About the same time 
that Sturtevant’s treatise was .published, there appeared a 
Ireatisa entitled the ‘ Surveyor’s Dialogue,’ by one John 
Norden, the object of which was to make out a case 
against the iiun-works and their being allowed to hum 
up the timber of the country for fuel. Yet Nordon docs 
not make the number of iron-works much more than 
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a third of Sturlevant’s estimate. Ho saj’s, “I have heard 
that there are or lately were in Sussex neere 140 hammers 
and Aimaces for iron, and in it and Surrey adjoining three 
or four glasse-houses." Even the smaller number stated 
by Norden, however, shows that Sussex was then regarded 
as tlio principal seat of the iron-trade. Camden vividly 
describes tho noise and hustle of tho mamifacture'— the 
working of the heavy hammers, which, “ beating upon tho 
iron, fill the neighbom-hood round about, day and night, 
with continual noise.” These hammers were for the most 
part worked by tho power of water, carefully stored in the 
artificial “ Hammer-ponds” above described. The hammer- 
shaft was usually of ash, about 9 feet long, clamped at 
intervals with iron hoops. It was worked by the revolu- 
tions of the water-wheel, furnished with projecting arms or 
knobs to raise the hammer, which fell as each knob passed, 
the rapidity of its action of course depending on the 
velocity with which the water-wheel revolved. The forge- 
blast was also worked for the most part by water-powor. 
Where the fumaoes were small, the blast was produced by 
leather bellows worked by hand, or by a horse walking in 
a gin. Tho foot-blasts of tho earlier iron-smelters were 
BO impoifeot that but a small proportion of the ore was 
reduced, so that the iron-makers of later times, more parti- 
cularly in the Eorest of Dean, instead of digging for iron 
stono, resorted to the beds of ancient soorim for their 
principal supply of the mineral. 

Notwithstanding the large number of furnaces in blast 
throughout the county of Sussex at the period we refer to, 
their produce was comparatively small, and must soot be 
measured by the enonnous produce of modem iron-works ; 
for while an iron-fumaoe of the present day wiE easEy 
turn out 150 tons of pig per week, the best of the older 
furnaces did not produce more than from three to four tons. 
One of the last extensive contracts executed in Sussex was 
the casting of the iron raEs which enclose St. Paul’s 
Cathedi-al. The contract was thought too large for one 



40 


EAELY ENaUSH lEON MANTJPACTURB. Chap. 0. 


iron-master to undertalce, and it was consequently distri* 
Tjntod amongst several contractors, tliongli tho principal 
part of the work was executed at Lamberhurst, near 
Tunoridge Wells. But to produce tho comparatively small 
quantity of iron turned out by the old. works, the con- 
sumption of timber was enormous; for the making of 
every ton of pig-iron required four loads of timber con- 
verted. into charcoal fuel, and the making of every ton of 
bar-ii’on requii'ed three additional loads. Thus, notwith- 
standing tho indispensable need of iron, the extension of 
tho mannfaoture, by threatening the destniction of tho 
timber of the southern counties, came to he regarded in 
the light of a national calamity. Up to a certain point, 
the clearing of the Weald of its dense gi-owth of underwood 
had been of advantage, by affording better opportunities 
for the operations of agriculture. But the “ voragious 
iron-mills” were proceeding to swallow up everything 
that would bum, and the old forest growths wore rapidly 
disappearing. Au entire wood was soon exhausted, and 
long time was needed before it grew again. At Lamber- 
hnrst alone, though the produce was only about five tons 
of iron a-wook, the annnal consumption of wood was about 
200,000 cords ! Wood continued to be the only material 
used for fuel generally — a strong prejudice existing against 
the use of sea-coal for domestic purposes.* It therefore 
began to be feared that there would he no available fuel 
loft within pmoticable reaoh of the metropolis ; and the 
contingenoy of having to face the rigorous cold of an 
EnglMi winter without fuel naturally occasioning much 
alarm, the aotion of the Government was deemed neces- 
sary to remedy tho aiq)rehended evil. 


* It wiis then believed thet sea or 
pt-canl Avas poisonoue when burnt In 
dwellings, and that it was especially 
itumious to the human complexion. 
All sorts of disesscs were attcibuied to 
Its use, and at one time it was even 


penal to burn it. The Londoners only 
began to reconcile themselves to the 
use of coal when the wood wi&tn reach 
of the metiupolie had been nearly all 
burnt up, and no other fuel was to be 
h(\d. 
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To check the deetruction of wood near London, an A cl 
was passed in 1681 prohibiting its conversion into fuel for 
the making of iron within fourteen miles of the Thames, 
forbidding the ereotinn of new ironworks within twonty- 
two miles of London, and resti-ieting tho number of works 
in Kent, Sun-ej', and Sussex, beyond the above limits. 
Similar enactments were made in future I’niiiaments with 
tho same object, which had tho effect of chocking tlio 
trade, and several of tho Sussex ironmasters wore under 
the necessity of removing their works elsewhoi'o. Some 
of them migrated to Glamorganshire, in South Wales, 
because of the abundance of timber as well os ironstone in 
that quarter, and there set up their forges, more particu- 
larly at Abordare and Merthyr Tj'dvil. Mr. Llowellin has 
recently published an interesting account of their proceed- 
ings, with dcsoiiptions of their works,* i-emains of which 
still exist at Llwydcoed, Pontyiyns, and other places in 
the Aberdai'e valley. Among the Sussex masters who 
settled in Glamorganshire for the purpose of carrying on 
the iron manufacture, were Walter Burrell, the fiiend of 
.John Hay, the naturalist, one of the Morleys of Glyndo in 
Sussex, the llelfes from Mayfield, and the Cheneys from 
Crawley 

Kotwitnstanding these migrations of enterprising manu- 
facturers, the iron trade of Sussex continued to exist until 
the middle of tho seventeenth oenturj', when the wasto 
of timber was again urged upon the attention of Parlia- 
ment, and tho penalties for infringing the statutes seem 
to have been more rigorously enforced. Tho trade then 
suffered a more serious cheek ; and during tho civil wars, 
a heavy blow was given to it by tho destruction of tho 
works belonging to all royalists, which was accomplished 
by a division of the anny under Sir William Waller. Most 
of the Welsh ironworks were razed to the ground about 


* Avahaohgia Camirenais, 3k 5(iic»,No. 34, April, 1863, Aii, "Suswr 
trornnosUrs in (jlnmorgaivshii's.’’ 
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the game time, and ■were not again rebuilt. And after the 
Eestoration, in 1674, all the royal ironworks in tbo Forest 
of Doan ■were demolidied, leaving only such to bo sup- 
plied with ore as ■were beyond the forest limits ; the reason 
alleged for this measure being lest the iron manufacture 
should endanger the snpplj' of timber required for ship- 
building and othor necessary purposes. 

From this time the iron mimufaoturo of Sussex, as of 
England generally, rapidly declined. In 1740 there wore 
only lifty-nino fumacos in all England, of which ten were 
in Sussex; and in 1788 tliere were only two. A few years 
later, and the Sussex iron farnaoos were blown out alto- 
gether. Fainhiu-st, in western, and Ashbumham, in eastern 
Sussex, ■witnessed the total extinotion of the mannfaoturo. 
The din of the iron hammer was hushed, the glare of tho 
furnace faded, the last blast of tho hellows was blown, and 
the district returned to its original rural solitude. Some 
of the fumaoo-ponds wore drained and planted with hops 
or willows ; others foi-med beautiful lakes in retired plea- 
sure-grounds ; while the remainder were used to drive 
flour-mills, as the streams in North Kent, instead of driving 
fulling-mills, were employed to work paper-mills. All 
that now remains of tho. old iron- works are tho extonsivo 
beds of cinders finm wliich material is occasionally taken 
to mend tbe Sussex roads, and the numerous furnace-ponds, 
hanimei'-posts, forges, and cinder places, which mark the 
seats of tho ancient manufacture. 
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Ibok-hmelting by Pep-Goal — Dud Dddlby. 


*' God of his Infinite gooiliicss (ifTrewill but taico notice of his ^nwhiofa 
unto this Nation) hath made this Country a very Granniy for the supply- 
ing of Sniitlis with Iron, Cole, and Lhnc m.'ulo with cole, which hath 
much supplied these men with Com also of late ; and from these men a 
great ]ioit, not only of this JsL-md, but also of his hfajestie’s other 
Kingdoms and Temtories, with Iron wares have their supply, and Wood 
in these ports almost exhausted, although it were of late a mighty wood- 
land country,” — Dodlisy’s Mctalhan Mortis, 16C5. 


Till! severe rostriotions enforced by the legislature against 
the use of wood in iron-smelting had the effect of almost 
extinguishing the manufacture. Kow ftuTiaoes ceased to he 
erected, and many of the old ones were allowed to fail 
into decay, until it began to he feared that this important 
branch of industry would become completely lost. The 
same restrictions aliko affected the operations of the glass 
manufacture, which, rvith the aid of foreign oi'tisans, had 
been gradually estahlishod in England, and was becoming a 
thriving branch of trade. It was even proposed that the 
smelting of iron should he absolutely prohibited : “ many 
think,” said a contemporary witer, “ that there should be 
no works anywhere — ^thoy do so devour the woods.” 

The use of iron, however, could not be dispensed with. 
The very foundations of society rested upon an abundant 
supply of it, for tools and implements of peace, as well as 
for weapons of war. In tho dearth of the article at homo, 
a supply of it was therefore sought for abroad; and both 
iron and steel came to be imported in largely-increased 
quantities. This branch of trade was prinoip^ly in the 
hands of the Steelyard Company of Foreign Merohants, 
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establishod in Upper Tliamoa Street, a little above London 
Bridge ; and tlioy imported large quantities of iron and 
steel from foroigxr countries, principallj' from Sweden, 
Germany, and Spain. Tho bost iron caino from Spain, 
thongb the Spaniards on their part coveted our English 
made cannons, which wore better manufactured than 
theirs; while tho bost steel came from Germany and 
Sweden.* 

Under those oiroumstancoa, it was natural that persons 
interested in tho English iron manufacture should turn 
their attention to some other description of fuel which 
should serve as a substitute for the prohibited article. 
There was Icnown to be an abundance of coal in the northern 
and midland counties, and it ocouri-ed to some speculators 
more than usually dariug, to propose it as a sulratitute for 
the charcoal fuel made from wood. But the same popular 
prejudice which existed against the use of coal for domestic 
pui-poses, prevented its being employed for purposes of 
manufacture ; and they were tlrought very foolish persons 
indeed who first promulgated the idea of smelting iron by 
means of pit-ooal. The old manufacturers hold it to be 
impossible to reduce tho ore in any other way than by 
means of charcoal of wood. It was only when the wood 
in the neighbourhood of the ironworks had been almost 
entirely burnt up, that the manufacturers were driven to 
entertain tlie idea of using coal as a substitute ; but more 
than a hundred years passed before tho practice of smelting 
iron by its means became general. 

Tlie first who took out a patent for the purpose was one 
Simon Sturtevant, a German skilled in mining operations ; 
the professed object of his invention being ‘‘to neale, molt, 
and worke all kind of metal oares, irons, and steoles -with 

* Ab Iftte ns 1790, long after the 8317 material. The quimtity of bnia 
moQoiioly ofthc foreign merebants had thnt dlls the yards and warehouses cl 
hem abolished, Pennant says, “ The this qnjirter strikes with astoniehmeo 
present Steelyard is the great re- the most indifferent beholder.” — Pus 
pository of imported Iron, which fur- N,\l!CT, Account of XiOndon, 809, 
uinhes opr mehvpolis with thqt nece?- 
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sea-ooale, pit-coale, earth-coale, and bnihh fewoll." lire 
principal end of bis invention, he states in his Treatise of 
MetalUm,* is to save the consTunption and waste of the 
woods and timber of the country ; and, should his design 
succeed, he holds Uiat it “ will prove to bo the best and 
most profitable business and invention that ever was known 
or invented in England these many yop 4 ‘ 08 ." He says he 
has already made trial of the process on a small scale, and 
is oonfidemt that it will prove equally successful on a large 
one. Sturtevant was not very specific as to his process ; 
but it incidentally appeam to have been his purpose to 
reduce the coal by an imperfect combustion to the con- 
dition of coke, thereby ridding it of “ those malignant 
proprieties which aro averse to the nature of metallique 
substances.” The subject was treated by him, as was 
customary in those days, as a great mystery, made still 
more mysterious by the multitude of learned words under 
which he undertook to describe his “ Iguick Invention,” 
All the operations of industry wero then treated as seci'ets. 
Each trade was a craft, and those who followed it wore 
call ed craftsmen. Even the common carpenter was a handi- 
craftsman ; and skilled artisans wero ” cunning men.” But 
the higher branches of work wore mysteries, the com- 
munication of which to others was carefully guarded by 
the regulations of the trades guilds. Although the early 
patents are called specifications, they in reality spocity 
nothing. They are for the most part but a more haze 
of words, from which very little definite information can 
be gleaned as to the processes patented. It may be that 
Sturtevant had not yet reduced his idea to any praoticahlo 
method, and therefore could not definitely explain it. 
However that may he, it is certain that his process failed 
when tried on a large scale, and Sturtevant’s patent was 
accordingly cancelled at the end of a year. 


* SruBTBVA:»T's JftteHioa; irkfly 
oomprehending the DoetrineqfDicaree 
New Xet^lic"! tntentioiw, §-e, lie- 


printed and puUIslied at the Qnat 
Seal Patent Oilice, 1S58. 
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The idea, however, had heen fairlj horn, and repeated 
patents were taken out with the same object from time 
to time. Thus, immediately on Sturtevant’s failure be- 
coming known, one John Sovenzon, who had been mixed 
up with the other’s adventure, applied for a patent for 
making iron by the same process, which was granted 
him in 1613. His ‘Treatise of Motallioa’* shows that 
Eovenzon had a true conception of the method of manu- 
facture. Nevertheless he, too, failed in carrying out the 
invention in praotioe, and his patent was also cancelled. 
Though these failures were very discouraging, like experi- 
ments continued to bo made and patents talcon out, — 
principally by Dutchmen and Germans, -j — but no decided 
success seems to have attended their efforts until the year 
1620, when Lord Dudley took out his patent “ for melting 
iron ore, making bar-iron, (fee., with cool, in furnaces, with 
bellows.” This patent was taken ortt at the instance of 
his son Dud Dudley, whose story we gather partly from 
his treatise entitled ‘Motallum Martis,’ and partly from 
various petitions presented by him to the king, which 
are preserved in the State Paisor OfSoe, and it runs as 
follows : — 

Dud Dxrdley was horn in 1599, the natural son of 
Edward Lord Dudley of Dudley Castlo in the county of 
Worcester. He was the fourth of eleven children hy the 
same mother, who is described in the pedigree the 
family given in the Herald’s visitation of the county of 
Stafford in the year 1663, signed hy Dud Dudley himself, 
as “ Elizabeth, daughter of William Tomlinson of Dudley, 
concubine of Edward Lord Dudley.” Dud’s oldest brother 
is deserihed in the same pedigi'ee as Robert Dudley, Squire, 
of Notberton Hall; and as his sisters mostly mamed well, 
several of them county gentlemen, it is obvious that the 


* It'cprinted and published at the 
Great S?al Patent Office, 1858, 
f Among the early patentees, be- 
sides the names of Stiu-terant and 


Itorcnzon, we find those of Junlsns, 
Francke, Sir Philllhert Yernatt, and 
other roieigneiB of the above na^ns, 
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family, notwithstanding that the chUdron wore bom out 
of wedlock, held a good position in their neighbourhood, 
and were regai'ded with respoot Lord Dudley, though 
married and having legitimate heirs at the time, seems 
to have attended to the up-bringing of his natoal 
children; educating them carefully, and afterwards em- 
ploying them in confidential offices connected with the 
management of his extensive property. Dud describes 
himself as taking great delight, when a youth, in his 
father’s iron-works near Dudley, whei'o he obtained con- 
sidei'able knowledge of the various processes of the manu- 
facture. 

The town of Dudley was already a centre of the iron 
manufacture, though chiefly of small wares, such as nails, 
horse-shoes, keys, locks, and common agrioultmal tools; 
and it was estimated that there were about 20,000 smiths 
and workers in iron of various kinds living within a 
oironit of ten miles of Dudley Castle. But, as in the 
southern counties, tho production of iron had suffered great 
diminution from tho want of fuel in the district, “ idiough 
formerly a mighty woodland oountry;” and many im- 
portant branches of the local trade were brou^t almost to 
a stand-still. Yet tbore was an extraordinary abundance 
of cool to be mot with in the neighbourhood — coal in some 
places lying in seams ten feet thick — ironstone four feet 
thick immediately under the toal, with limestone con- 
veniently adjacent to both. Tho conjunction seemed 
almost providential — " as if,” observes Dud, “ God had 
decreed the time when aird how these smiths should be 
supplied, and this island also, with iron, and most espe- 
cially that this oole and ironstone should give the first 
and just occasion for the invention of smelting iron with 
pit-oolo;” though, as we have already seen, all attempts 
heretofore made with that object bad practically failed. 

Dud was a special favourite of the Earl his fiithor, who 
encouraged his speculations with reference to the improve- 
ment of tho ir'on manufacture, and gave him an education 
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oaloulated to enable biiu to tuni bis excellent practical 
abilities to account. He ■was studying at Baliol College, 
Oxford, in tbo year 1G19, -when the Earl sent for him to 
take charge of an iron furnace and t-wo forges in the chase 
of Pensnet in Woroestei'shu-e. He was no sooner installed 
manager of the -works, than, feeling hampered by the 
want of wood for fuel, his attention was directed to the 
employment of pit-coal as a substitute. He altei’ed his 
furnace accordingly, so as to adapt it to the new process, 
and the result of the first trial was such as to induce him 
to persevere. It is nowhere stated in Dud Dudley’s Trea- 
tise what was the precise nature of the method adopted by 
him ; but it is most probable that, in endeavouring to sub- 
stitute coal for wood as fuel, he would subject the coal to 
a process similar to that of ohai'cosd-bui'ning. The result 
would be what is called Coke ; and as Dudley informs us 
that he followed up his first experiment with a second 
blast, by means of which ho was enabled to produce good 
marketable iron, the presumption is that his success was 
also due to an improvement of the blast which he con- 
trived for the pui-pose of keeping up the active combustion 
of the fuel. Though the quantity produced by the new 
process was comparatively small — not more than thine 
tons 0 week from each furnace — Dudley anticipated that 
greater experience would enable him to increase the quan- 
tity; and at all events ho had succeeded in proving the 
practicability of smelting iron with fuel made from pit- 
coal, which so many before Mm bad tried in vain. 

Immediately after ibe second tiial had been made with 
snob good issue, Dnd wrote to his father the Earl, then in 
London, informing him what ho had done, and deshing 
him at once to obtain a patent for the invention from 
King James. This woe readUy granted, and the patent 
(No. 18), dated the 22nd Pehimry, 1620, was taken out 
in the name of Lord Dudley himself. 

Dud proceeded with the m.anufacture of iron at Pensnet, 
and also at Cradley in Staffordshire, where ho orcctod' 
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anotlier furnace ; and a year after the patent "waa granted 
he was enabled to send up to the Tower, hy the King’s 
command, a considerable quantity of the new iron for trial. 
Many experiments were made with it : its qualities were 
fairly tested, and it was pronounced “ good merchantable 
iron.” Dud adds, in his Treatise, that his brother-in-law, 
Richard Parkshouse, of Sedgeley,* “had a fowling-gun 
there made of the Pit-cole iron,” which was “well ap- 
proved.” There was therefore every prospect of the new 
method of manufacture becoming fairly established, and 
with greater experience further improvements might with 
confidence be anticipated, when a succession of calamities 
occurred to the inventor which involved him in difficulties 
and put an effectual stop to the progress of his cnteiprise. 

The new works had been in successful operation little 
more than a year, when a fiood, lung after known as 
the “ Great May-day Flood,” swept away Dudley’s prin- 
cipal works at Oradloy, and otherwise inflicted much 
damage throughout the district. “A.t the market town 
called Stourbridge,” says Dud, in the course of his curious 
narrative, " although the author sent with speed to pre- 
serve the people from drowning, and one resolute man was 
carried from the bridge thore in the day-time, the nether 
part of the town was so deep in water that the people had 
much ado to preserve their lives in the uppermost rooms of 
their houses.” Dudley himself received very little sym 
pathy for his losses. On the, contrary, the iron-smelters of 
the district rejoiced exceedingly at the destruction of his 
works hy the flood. They had seen him making good iron 
by his new patent process, and selling it cheaper than they 


* Mr. parkshouse was one of (he 
esquires to Sir Kei'dinando Dudley (the 
legitimate son of the Earl of Dudley) 
when he was made Knight of the Bath. 
Sir Ferdinando’e only daughter Fi'ances 
mairled Humble Ward, son and heir of 
William Wai-d, goldsmith and jeweller 
to Charles the First’s qneen- Her 


husband hoYieg been created a baron hy 
the title ofBnron Word of Biiminghain, 
and Frances becoming Biutmess of 
Dudley in her owti right on the 
demin of her firther, the baronies of 
Dudley and Ward thus became united 
in their eldest son Edward in the year 
1697 


X 
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Could afford to do. Thoy accordingly put in circulation all 
manner of disparaging reports about bis iron. It was bad 
ii'on, not fit to be used ; indeed no iron, except what was 
smoltod with charcoal of wood, could be good. To smelt 
it with coal was a dangerous innovation, and could only 
result in some great public calamity, Tho ironmasters 
even appealed to King James to put a stop to Dud’s manu- 
facture, alleging llrat his iron was not merchantable. And 
then came the groat flood, which swepit away his worhs ; 
the hostile ironmasters now hoping ll';t there was an end 
for ever of Dudley’s pit-eoal iron. 

But Dud, with his wonted energy, forthwith set to work 
and repaired his fm-naees and forges, though at groat cost ; 
and in tho course of a short time tho new manufaoture was 
again in full progress. The ironmasters raised a fresh 
outcry against him, and addressed another strong memo- 
rial against Dud and his iron to King James. This seems 
to have taken effect ; and in order to ascertain the quality 
of the aiticle hy testing it upon a large scale, the King 
commanded Dudley to send up to the Tower of London, 
with every possible speed, quantilies of all tho sorts of bar- 
iron made by him, fit for the “ making of muskets, carbines, 
and iron for great bolts for shipping; which iron," conti- 
nues Dud, " being so tried by artists and smitLs, the iron- 
masters and ii'on-raongoi's wer-e all silonced until the 21st 
year of King James’s reign.” The ironmasters then en- 
deavoured to got the Dudley patent included in tho mono- 
polies to be abolisbed by tho statute of that year ; but all 
they could aocomplisli was the limitation of the patent to 
fourteen years instead of thirty-one ; the special exemption 
of the patent irom the operation of the statute affording a 
BufScient indication of the importance already attached to 
the invention, After that time Dudley “ went on with his 
invention cheerfully, and made annually great store of iron, 
good and merchantable, and sold it unto diverse men at 
twelve pounds per ton,” “ 1 also," said he, “ made all 
sorts of cast-iron wares, as browing cisterns, pots, mortars, 
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&c., belter and cheaper than any yet made in these nations 
with charcoal, some of which are yet to he seen by any 
man (at the author’s house in the city of Worcester) that 
desires to be satisfied of the truth of the invention.” 

Notwithstanding this decided success, Dudley encotm- 
tored nothing but trouble and misfortune. The iron- 
masters combined to resist his invention; they fastened 
lawsuits upon him, and succeeded in getting him ousted 
from his works at Cradley. From thence he removed to 
Himloy in the county of Stafford, where he set up a pit- 
coal firmaco ; but being without the means of forging the 
iron into bars, he was constrained to sell the pig-iron to 
the charcoal-ironmasters, “ who did him much prejudice, 
not only by detaining his stock, but also by disparaging 
his iron.” lie next proceeded to erect a large new furnace 
at Hasco Bridge, near Sedgeley, in the same countg’, for tho 
pru-pose of caiTying out the manufacture on the most im- 
proved principles. This furnace was of stone, twenty-seven 
feet squai’e, provided with unusually large bellows; and 
when in full work he says he was enabled to turn out seven 
tons of iron per week, “ tho giuatest quantity of pit-coal 
iron ever yet mado in Great Britain.” At tho same place 
he discovered and opened out new ■workings of coal ten 
feet thick, lying immediately over the ironstone, and ho pre- 
pared to carry on his opei-ations on a large scale ; but the 
new works were scarcely finished when a mob of rioters, 
instigated by the oharcoal-ironnutsters, broke in upon them, 
out in pieces the new bellows, destroyed the machinery, 
and laid the results of all his deep-laid ingenuity and per- 
severing industry in ruins. From that time forward Dudley 
was allowed no rest nor peace : he was attacked by mobs, 
worried by lawsuits, and eventually overwhelmed by debts. 
Ho was then seized by his creditors and sent up to London, 
where he was held a prisoner in the Comptoir for several 
thmi a and pounds. The chaxcoal-iron men thus for a time 
remained masters of tho field. 

Charles I. seems to have taken pity on the suffering in* 

n 2 
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veutor ; and on his earnest petition, setting forth the groat 
advantages to the nation of his invention, from which he 
had as yet derived no advantage, hnt only losses, sufferings, 
and peineoution, the King granted him a renewal of his 
patent** in the year 1638; thi-ee other gentlemen joining 
him as partners, and doubtless providing the requisite 
capital for can-ying on the manufacture after the plans of 
the inventor. But Dud’s ovil fortune continued to pursue 
him. The patent had scarcely been secured ere the Civil 
War broke out, and the arts of peace must at once perforce 
give place to the arts of war. Dud's nature would not 
suffer him to he neutral at such a time; and %vhen the 
nation divided itself into two hostilo camps, his predilec- 
tions being strongly loyalist, he took the side of the 
King with his father. It would appear from a petition 
presented by him to Charles IT. in 1660, setting forth his 
sufferings in the royal cause, and praying for rostoral to 
certain offices which he had enjoyed under Charles I, that 
as early as the year 1837 he had been employed by the 
Kuig on a mission into Scotland, t in the train of the 
Marquis of Hamilton, the King’s Commissioner. Again 
in 1689, leaving his ironworks and partners, he accom- 
panied Charles on his expedition aoross the Scotch border, 
and was present with the army until its discomfiture at 
Newhurn near Kewcastle in the following year. 

The sword was now fiiirly drawn, and Dud seems for 
a lame to have abandoned his iron-works and followed 


* ratent No. 117, Old Serieo, 
granted in 1Q38, to SicQeocge Horsey, 
I),V’id Ramser, Bogar Foulke, aod 
DttJd Dudley. 

t By hie own acconot, given in 
Jfeialittm MarliSj while In Scotland in 
1637, ho riaited the Highlands as well 
as tho Lowlands, spending the whole 
sunimei' of that year '* in opening of 
mines and making of discoveries;” 
^ding part of the time with Sit 
Staxt Hojie of Lead Hilii^ near where, , 


he says, « be got gold.” It dons not 
appear, however, that any iron forges 
existed in Scotland at the time: indeed 
Dudley expressly says that " Scotland 
maketh no iron and in his treatise 
of 1CG5 he uiges that the Corporation 
of the nines Hoyal should set him and 
his inventions at work to euablo Scot- 
land to eiyoy the benefit of o cheap 
and abundant supply of the maim- 
faetoied article, 
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entirely the fortunes of the king. He was Sworn surveyor 
of the Mews or Armoniy in 1640, but being imable to pay 
for the patent, another was sworn in in his place. Yet his 
loyalty did not falter, for in the beginning of 1642, when 
Charles set out from London, shortly after the fall ol 
Strafford and Laud, Dud went with him.* He was present 
before Hull when Sir John Hotham shut its gates in the 
king’s face ; at York when the royal commissions of airay 
wore sent out enjoining all loyal subjects to send men, 
arms, money, and horses, for defence of the king and 
maintenance of the law j at hTottinghom, where the loyal 
standard was raised ; at Coventry, where the townspeople 
refused the king entrance and fired upon his troops from 
the walls ; at Edgehill, where the first great but indecisive 
battle was fought between the contending parties ; in short, 
as Dud Dudley states in his petition, he was “ in moat of 
the battailes that year, and also supplyed his late sacred 
Majestie’s magazines of Stafford, Worcester, Dudley Castle, 
and Oxford, with arms, shot, drakes, and cannon ; and also, 
became major unto Sir IVauncis Worsley’s regiment, which 
was much decoied.” 

In 1643, according to the statement contained in his 
petition above referred to, Dnd Dudley acted as military 
engineer in setting out the fortifications of Worcester and 
Stafford, and furnishing them with ordnance. After the 
taking of Lichfield, in which he had a share, he was made 
Colonel of Dragoons, and accompanied the Queen with his 
regiment to the royal head-quarters at Oxford. The year 
after we find him at the siege of Gloucester, then at the 
firot battle of Newbury leading the forlorn hope with Sir 
George Lisle, afterwards maxdiing with Sir Charles Lucas 
into the associate counties, and present at the royalist rout 


* The Jouraole of the Home of 
Commone, of the 13th June, 164S, 
oenteln the resolution “ that Captain 
Wolseley, Ensign Dudley, and John 
Lometon be for'With sent for os de- 


linquents, by the Serjeont-at-Armt 
attending on the Houses far giring 
interruption to the exeeutlon of the 
ordinance of the militia ui the county 
ofLeloeeter” 
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ftt Newport That he was esteemed a valiaut and skilful 
officer is apparent from the ciroumstance, that in 1645 
ho was appointed general of Prinoe Maurice’s train of 
artillery, and afterwards held the samo rank under Lord 
Ashley. The iron districts being still for the most part 
occupied by the royal armies, our milita:ty engineer turned 
his practical experience to account by directing tho forging 
of drakes* of bar-iron, which were foimd of groat uso, 
giving up his own dwelling-house in the city of Worcester 
for the purpose of carrying on the manufacture of these 
and other arms. But Woroester and the western towns 
fell before the Parliamentarian armies in 1G46, and all 
the iron-works belonging to royalists, from which tho 
principal supplies of arms had been drawn by the King’s 
army, were forthwith destroyed. 

Dudley folly shared in the dangers and vicissitudes of that 
trying period, and bore his part thronghont like a valiant 
soldier. Poi two years nothing was hoard of him, nntil 
in 1648, when the king’s parly drew together again, and 
made head in diflerent ports of the country, north and 
south. Goring raised his standard in Essex, hut was 
driven by Fairfax into Colchester, where he defended 
himself for two months. While the siege was in progress, 
the royalists determined to make an attempt to raise it. 
On this Dud Dudley again made his appearance in tho 
field, and, joining sundry other counties, he proceeded to 
raise 200 men, mostly at his own charge. They were, 
however, no sooner mustered in Bosoo Bello woods near 
Madeley, than they were attacked by the Partiamentarians, 
and dispersed or takon prisoners. Dud was among those 
so taken, and he was first canied to Hartlebury Castle 
and thence to "Woroester, where he was imprisoned. Bo' 
counting the sufferings of himself and his followers on 
this oocasionj in the petition presented to Chaiies II, in 


* Small pieces of artillerj', specimens museum ntWooIwleh Arsenid and at 
•f which are ctill to be seen in tbs the Tower. 
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1660,* ho says, " 200 mou were dispersed, killed, and some 
taken, namely, Major Haroourl:, Major Elliotts, Capt. Long, 
and Ooniet Ilodgctts, of whom Major Harconrt was miserably 
burned with matches. The petitioner and the rest were 
stripped almost naked, and in triumph and scorn carried 
up to the city of Worcester (which place Dud had fortified 
for the king), and kept close prisoners, with double guards 
set upon the prison and the city.” 

Notwithstanding this close watch and durance, Dudley 
and Major Elliotts contriyed to break out of gaol, making 
their way over the tops of the houses, aftem'nrds pa-ssing 
the guards at the city gates, and escaping into the open 
oounhy. Being hotly pursued, they travelled during the 
night, and took to the trees during the daytime. They 
succeeded in reaching London, but only to drop again into 
the lion’s mouth ; for first Major Elliotts was captured, then 
Dudley, and both were taken before Sir John Warner, the 
Lord Mayor, who forthwith sent them before the “ cursed 
committee of insumetion,” as Dudley calls them. The 
prisoners wore summarily sentenced to bo shot to death, 
and wero meanwhile closely imprisoned in the Gatehouse 
at Westminster, with other Eoyalists. 

The day before their intended execution, the prisoners 
formed a plan of escape. It was Sunday morning, the 20th 
August, 1648, when they seized their opporhinity, “at ten 
of the olooko in sermon time;" and, overpowering the 
gaolers, Dudley, with Sir Henry Bates, Major EUiotts, 
Captain South, Captain Paris, and six other's, succeeded in 
getting away, and making again for the open country. 
Dudley had received a wound in the leg, and could only 
get along with great difficulty. He records that he pro- 
ceeded on or'utohes, through Worcester, Towkoshury, and 
Gloucester, to Bristol, having been “fed three weeks in 
private in an enemy’s hay mow." Even the most lynx- 
eyed Parliamentariaii must have failed to i-ecognise (h« 


* Stats Paper Office, Dm, Charles II„ vol, xl, ^ 
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quondam royalist genonil of artillery in the helpless 
creature dragging himself along upon crutohes; and ho 
reached Bristol in safety. 

His military career new over, he found himself ab- 
solutely penniless. His estate of about 200i. per annum 
had been sequestrated and sold by the government;* his 
house in Worcester had been seized and his sickly wife 
turned out of doors ; and his goods, stock, great shop, and 
ironworks, which he himself valued at 20001., were de- 
stroyed. He had also lost the offices of Serjeant-at-arms, 
Lieutenant of Ordnance, and Surveyor of the Mows, which 
ho had hold under the king ; in a word, ho found himself 
reduced to a state of utter destitution, 

Dudley was for some time under the necessity of living 
in great privacy at Bristol ; but when the king had been 
executed, and the royalists were finally crushed at Wor- 
cestei', Dud gradually emerged from his concealment. He 
was still the sole possessor of the grand secret of smelting 
iron with pit-coal, and he resolved upon one more commer- 
oial adventure, in the hope of yet turning it to good account. 
Ho succeeded in inducing Walter Stevens, linendraper, 
and John Stone, merchant, botb of Biistol, to join him as 
pai-tners in an ironwork, whi<di they proceeded to eroot near 
that city. The buildings wore well advanced, and nearly 
7001 had been expended, when a quairel occurred between 
Dudley and his partners, which ended in the stoppage of 
the works, and the oonoorn being thrown into Chancery. 
Dudley alleges that the other pai'toers “ cunningly drew 
him into a bond,” and " did tmjiistly enter staple actions in 
Bristol of graat value against him, because he was of the 
king’s party;" but it would appear as if there had been 
some twist or infirmity of temper in Dudley himself, which 


* The Journals of the House of 
Conunons, on the 3nd Hov. 1652, 
have the following entiy: “Ihe House 
this (li )7 resumed the debate upon the j 
sdditioiial Bill for sale of several len^ 


and estates forfeited to the ComtAon- 
wealth for treason, when it was rc- 
Bolred that the name of Dnd Dudley 
oi Green Lodge he inserted Into this 
Bill.” 
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prevented him from working harmoniously with such per- 
sons as he became associated with in affairs of business. 

In the mean time other attempts were made to smelt 
iron with pit -coal. Dudley says that Cromwell and 
the then Parliament ginnted a patent to Captain Buck 
for the purpose ; and that Cromwell himself, hlajor Wild- 
man, and various others were partners in the patent. They 
erected furnaces and works in the Forest of Dean;* but, 
though Cromwell and his officers could fight and win 
battles, they could not smelt and forge iron with pit-coal. 
They brought one Dagney, an Italian glass-maker, from 
Bri^ol, to erect a new furnace for them, provided with 
sundi-y pots of glass-house clay; but no success attended 
their efforts. The partners knowing of Dudley’s possession 
of the grand secret, invited him to visit their works ; but 
all they could draw from him was that they would never 
succeed in making iron to profit by the methods they were 
pursuing. They next proceeded to erect other works at 
Bristol, but still they failed. Major Wildmanf bought 
Dudley’s sequestrated estate, in the hope of being able to 
extort his secret of making ix'on with pit-coal; but all 
their attempts proving abortive, they at length abandoned 
the enterprise in despair. In 1056, one Captain Copley 
obtained from Cromwell a further patent with a similar 
object; and erected works near Bristol, and also in the 
Forest of Kingswood. The mechanical engineers employed 


* Nr. Mushet, in iiis 'Papers on 
Iron,' says, that "although he hod 
carefully examined every epot end 
Tvlic in Dean Forest likely to denote 
the site of Dad Dudley’s entes-prising 
hut unfortunate experiment of making 
pig-iron trith pit coal," it had been 
without sueoess; neltlier eould he find 
any traces of the like operations of 
Cromwell and hie paitneis. 

t Dudley says, “ Mtyor Wihlman, 
more barbarous to me than a wild 
man, although a minister, bought the 
inthoi''H estate, near 2001, per annum, | 


intending to compell fl'om tlie autlior 
his inventions of making iron with pil- 
eole, hut nfterwni'ds passed my estate 
unto two barbarous bivkera of London, 
thnt pulled down the author's two 
mention houses, soM 500 timber trees 
oif his land, and to this day aro his 
houses unrepaired.” 'Wildman himself 
fell under the grip of CromweU. Being 
one of the eblefs of the Sepublican 
poity, he was selxed at Extra, near 
Marlborough, in 166i, and Imprisoned 
in Chepstow Castle. 
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by Oop ley failed in making Ms bellows blow; on whiob 
ho sent for Dudley, who forthwith “ made his hollows to 
bo blown feisibly ; ” but Copley failed, like his predeces- 
sors, in making iron, and at length he too desisted from 
further experiments. 

Such continued to be the state of things until the llesto- 
ration, when wo find Dud Dudley a petitioner to the king 
for the renewal of his patent. He was also a petitioner 
for compensation in respeot of the heavy losses ho had 
sustained during the civil wain. The king was besieged 
by crowds of applicants of a similar sort, but Dudley was 
no more suooessftil than the others. Ha failed in obtain- 
ing the renewal of his patent. Another applicant for (ho 
like piivilege, probably having groatcr interest at court, 
proved more successful, Colonel Proger and three others * 
were granted a patent to make iron with coal ; but Dudley 
knew the secret, whioh the new patentees did not; and 
their patent came to nothing. 

Dudley continued to address the king in importunate 
pietitions, asking to he restored to his former offices of Sor- 
jeant-nt-arms, Lieutenant of Ordnance, and Surveyor of tho 
Mows or Armoury. He also petitioned to be appointed 
Master of the Charter House in Smithfiold, professing him- 
self willing to take anything, or hold any living.f Wo 
find him sending in two petitions to a similar efi'eot in 
Tune, 16G0; and a third shra-lly after. Tho result was, 


• June 13, 1661. Petition of Col. 
Jns. Proger and three otheri to the 
hing for n patent for the sole exerciee 
of their inrentien of melting down 
iron and other inetola with coai inotcad 
of wood, as the great consumption of 
coal [charcoal ?] therein causes detri- 
ment to shipping, &c. With leferonce 
thereon to Attorney-GoDernl Palmer, 
and his report, Juno 18, in faronr of 
Bie petition . — State Papers, Charles 
II, (Dom.) vol. JoewU. 49. 
t Ic his second petition he praps 


that a dwclling-houso situated in War. 
cestei', end belonging to one Baldwin, 
“ a known traitor," may be assigned 
to him In lion of Alderman NaBhX 
which had rerertod to that indiridiinl 
since his return to loyalty; Dudley 
reminding the king that his. own 
house in that city had been given 
up by hid for tho seivice of his lather 
Charles I,, and turned into a lho> 
tory for arms. It does not appear 
that tills part of his pelattin was sno. 
cessful. 
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that he was reappointed to the ofiSce of Ser jeant-at-Arms ; 
out the Mastership of the Charter-IIouse was not disposed 
of until 1662, when it fell to the lot of one Thomas Wat- 
son.* In 1661, we find a patent granted to Wm. Chamher- 

laine and Dudley, Esq., for the sole use of their new 

invention of plating steel, &o,, and tinning the said plates ; 
but whether Dud Dudley was the person referred to, we ore 
unahle precisely to determine. A few years later, he seems 
to have succeeded in obtaining the means of prosecuting his 
original invention ; for in his Mitdllum. Mortis, published in 
1665, he describes himself as living at Green’s Lodge, in 
Staffordshire ; and he says that near it are four forges. Green’s 
Forgo, Swin Forgo, Heath Forge, and Cradley Forge, where 
he practises his “ perfect invention.” These forges, ho adds, 
" Ixave boiTsd all or most port of their iron with pit-cool 
since the author’s fii'st invention in 1618, which hath pre- 
served much wood. In these four, besides many other 
forges, do tlio like [sic] ; yet the author hath had no benefit 
thereby to this ijresent.” From that time forward, Dud 
becomes lost to sight. He seems eventirally to have retired 
to St. Helen’s in Worcestershire, where ho died in 1684, in 
the 85th year of his age. He was buried in the parish 
church there, and a monument, now destroyed, was 
erected to his memory, bearing the inscription partly set 
forth underncath.t 


* State rapcTii, vol. xsxi. Doquet 
Boole, p. 80. 

t Falvla et nmbra Bomua 
Mcniinib) niorl. 

Dodo Dudley cliilintvlil nobilis £d- 
waYill nupep domioi do Dudley filius, 
potrl cdiarus et legltc Miy'estatis fldie- 
eimus subditns et serrua la assereodo 
regam, inTindicando ccelcsiem. In pi-o- 
pugnando legem ac libertaiem Angli- 
cauam, sispe captua, anno 1848, eemcl 
eaodeimtas ot tamen non dccollatus, 


renatun denno vidit diadsma bic in> 
concussa aemper rlrtote scnei. 

DilTert non anFert mortem longlmima rlla 
Sed dlStn multain eras bodicre morL 
Quod nequess vllaro, lugls: 

K eo formidands cst. 

Plot frequently alludea to Dudley la 
bis Siftural Mimrg of Staffwetshire, 
and when he does so he desoribes him 
as the ** worshlpflil Dud Dodley,* 
showing the estimation in wbicb be 
was held by his coutemponiries. 
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CHAPTER IV. 
Andeew Yabuamton. 


"Thera never have been wanting men to whum Bnglaml’e improvement 
by sen and innd was one of tho deiirest thoughts of their lives, and to whom 
Ki.-glnntl’s good was liie foramost of their worldly eonsiderutioiis. And 
Eueh, emphatically, was Andrew Yorranton, a true patriot In tho best 
sense of the word.’’ — Dove, Elements of Pditical iSniencs. 


That industry liad a sore time of it during tbie civil waa’S 
•will further appeor from the following brief account of 
Andrew Yarranton, which may ho taken as a companion 
memoir to that of Dud Dudley. For Yarranton also waa 
a Worcester ironmaster and a soldier — though on the 
opposite side, — hut more e'ven than Dudley was he a 
man of puhlio spirit and enterprise, an enlightened poli- 
tical economist (long heforo political economy had been 
recognised as a soicnce), and in many respects a true na- 
tional benefactor. Bishop Watson said that ho ought to 
have had a slatuo oieotod to his memory hecauso of his 
eminent puhlio services ; and an able modern writer Ims 
gone so fer ns to say of him that ho was “ the founder of 
English political economy, the first man in England who 
saw and said that peace was better than war, that trade 
was hotter than plunder, that honest industry was better 
than martial greatness, and that the best occupation of a 
government was to secure prosperity at homo, and let other 
nations alone.” • Yet the name of Andrew Yarranton is 
scarcely remembered, or is at most known to only a few 
readers of half-forgotten books. The follo"wing brief out- 

• Patwok Edward Dove, Edinbui'gh, 18M 
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line of Mb history is gathered from his own narrative and 
from documents in the State Paper Office. 

Andrew YaiTanton was horn at the fai-mstead of Larford, 
in tho parish of Astley, in Woroestorshire, in the year 
1616.* In hie sixteenth year he was put apprentice to a 
AVoroestor linendraper, and remained at that trade for some 
years ; but not liking it, he left it, and w'as leading a 
ooimtry life when the civil wars broke out. Unlike 
Dudley, ho took tho aide of the Parliament, and joined their 
army, in which ho served for some time us a soldier. His 
zeal and abilities commended him to his officers, and he 
was raised from one position to another, until in the course 
of a few years wo find him holding the rank of captain. 
“ While a soldier,” 8 a 3 'a he, “ I had sometimes the honour 
and misfortune to lodge and dislodge an ai-my ; ” but this 
is all the information he gives us of his military career. 
In the year 1648 he was instrumental in discovering 
and frustrating a design on the pait of tho BoyoHsts to 
seize Doyley House in tho county of Hereford, and other 
strongholds, for which he received the thanks of Parlia- 
ment “for his ingenuity, discretion, and valour,” and a 
substantial reward of SOOi.f Ho was also recommended to 
the Committee of AVorcester forfm’ther employment. But 
finm that time we hear no more of him in connection with the 
civil wars. AYhen Cromwell assumed the supreme control 
of affairs, Yarranton retired from the army with most of tho 
Presbyterians, and devoted himself to industilal pursuits. 


♦ A copy of the entries in tne parish 
register relating to the rarious members 
of #he Yarranton family, kindly for- 
warded to us by the I!ev, A W • Cookes, 
rector of Astley, ahotrs tliem to bare 
resided in that parish for many geneta- 
tions. There vrere the Yanontons of 
Yarranton. of liedstone, of l.arfoi'd, of 
Brockenton, and ofLongmore. With 
that dlai«ard for orthography inproper 
mimes vniich prevail^ some three 
hundred years since, they aiv indif- 


ferently designated as Yarran, Ynr- 
iHUton, and Yanington. The name 
was most probably dcrired from two 
fiu'ins named Great and Little Yar- 
rantoo, or Yarran (originally Yar- 
hnmpton), situated in the parish of 
Astley. The Yairaiitons frequently 
filled local offices in that paijsb, and 
we find several of them o&Iating at 
different periods as baililfs of Bewdley. 

f Jonmals of the House of Cos^ 
mens, 1st July, 1648. 
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We then find liim engaged in carrying on the manufac- 
ture of iron at Ashley, near Bewdloy, in Woroestorsliiro, 
“In the year 1662,” says lie, “I entered uiion iron-works, 
and plied thorn for several years.”* He made it a subject 
of his diligent study how to provide employment for the 
Xjoor, then much distressed by the late wars. With the 
help of his wife, ha established a manufacture of linen, 
which was attended with good results. Obseiwing how 
the difficulties of communication, bj' reason of the badness 
of the roads, hindered the dovolopmcnt of the rich natural 
resources of the western counties,! he applied himself to 
the improvement of the navigation of the larger rivers, 
making surveys of them at his own cost, and endeavouring 
to stimulate local enterprise so as to enable him to carry 
his plans into effect. 

While thus occupied, the restoration of Charles II. took 
place, and whether through envy or enmity Yarranton’s 
activity excited the suspicion of the authorities. His 
journeys from place to place seemed to them to point to 
some Presbyterian plot on foot. On the 13th of November, 
1660, Lord Windsor, Lord-Lieutenant of the county, 
wrote to the Secretary of State — “There is a quaker 
in prison for speaking treason against his Majesty, and 
a oountiyman also, and Captain Yarrington for refusing 
to obey my authority.”! It would appear from sub- 
sequent letters that Yturanton must have lain in prison 
for nearly two years, choa-ged with conspiring against the 
king’s authority, the only evidence against him consisting 


* Yabbantos's Snaland’a Im~ 

C iment by Sea and Land. Fort 1. 
on, H)77. 

f Then seems a foundstion of truth 
in the old English distich — 

The ITorth for Greatness, the East Ibr 
HraUh, 

The South for Neatness, Sie West for 
Wealth. 

$ Sfatr Paper Otlioe. Dorn. Cluiiles 


II. IdfiO-l. YiU'innton nftervrards 
succeeded in making a friend of lord 
Windsor, ns would appear from his 
dedication of Ej^hnd^ Impronemeni 
to his Lordship, whom he thnnte for 
tho encounigement ho had given to 
him in his survey of sevoral rivers 
with n view tp their bang rendand 
navigable. 
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of some anonymous letters. At tbo and of May, 1662, he 
suoooeded in making his escape from the custody of the 
Provost Marshal. The High. Sheriff scoured the country 
after him at the head of a party of horse, and then he 
communicated to the Secretary of State, Sir Edward 
Nicholas, that the suspected conspirator could not he 
found, and was supposed to have made his way to London. 
Before the end of a month TatTanton was again in custodj', 
as appears from the communication of certain justices of 
Surrey to Sir Edward Nicholas.* As no fiu^her notice of 
Yarranton occurs in the State Paper's, and as wo shortly 
after find him publicly occupied in carrying out his plans 
for improving the navigation of the western rivers, it is 
probable that his iimoconcy of any plot was established 
after a legal investigation. A few yearn later he pub- 
lished in London a 4to. tract entitled ‘ A Full Discovery 
of the First Presbj'terian Sham Plot,' which most probably 
contained a vindication of his eonduebt 
Yarranton was no sooner at liberty than we find him 
■again occupied with his plans of improved inland naviga- 
tion. His first scheme was to deepen the small river 
Salwarp, so as to oonneot Droitwich with the Severn by a 
water communication, and thus facilitate the transport of 
the salt so abundantly yielded by the brine springs near 
that town. In 1665, the burgesses of Droitwich agreed to 


* The followiue ia a copy of the 
document from the State Papers:— 
“ John Bi'amSeld, Geo. Noorc, and 
Thos. Leo, Esqi-s. and Justices of 
Suviey, in Sir £dw. Nicholas. — ^Thero 
being this day brought before ns one 
Andiw Van'anton, and be accused to 
have brekeu prison, or nt least nude 
his escape out of the Mamhalsea at 
Worcester, being there committed ^ 
the Deputy-Lleuts, upon suspicion of a 
plot in November lost; we having 
thereupon examined him, he allegeth 
that his Majesty hath been sought 
onto on his hehslf, and bath given 


order to yourself for bis discharge, and 
a Bupers^eos against all persons and 
warrants, and thereupon hath drsired 
to appeal w to yon. The which we 
conodving to he convenient and reason- 
able (there being no positive charge 
a^inst him before us), have accora- 
ingly her ewith convoyed him unto you 
by a safe hand, to be further examined 
ordisposedof as you shall find meet."— 
8. P. 0. Dorn. Chat. II, S3rd June, 
1662. 

t We have been unable to refer to 
this tract, there being no copy of it is 
the IMt^ Museum, 
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give him 750?. and eight Balt vats in Upwioh, valued at 
80Z. per annum, ■with throe-qnarteTs of a vat in Northwioh, 
for -twenty-one years, in payment for the work. But ttie 
t.-mes were still unsettled, and Tarranton and his partner 
Wall not being rich, the seheme was not then carried 
into effect.* In the following year we find him occupied 
with a similar scheme to open up the navigation of the 
river Stour, passing by Stourport and Kidderminster, and 
connect it by an artificial cut with the river Trent. Some 
progress was made -^vith this undertaking, so far in advance 
of the age, but, like the other, it came to a stand still for 
want of money, and more than a hundred years passed 
before it was earned out by a kindred genius — James 
Brindley, tlie great canal maker. Mr. Chambers says that 
when Yarranton’s scheme was first brought forward, it met 
with violent oppesitiou and ridicule. The undeitaking was 
thought wonderfully bold, and, joined to its great extent, 
tlie sandy, spongy nature of the ground, the high banks 
necessary to prevent the inundation of the Stour on the 
canal, famished its opponents, if not with sound argument, 
at least -with very specious topics for opposition and 
laughter.-f Yaiiunton’s plan was to make the liver itself 
navigable, and by uniting it ■with other rivers, open up a 
commuuication with the Trent; while Brindley’s was to 
cut a canal parallel with the river, and supply it with 
water from thence. Yaraantoa himself thus accounts for 
the failure of his scheme in ‘England’s Improvement by 
Sea and Land ’ : — " It was my projection,” he says, “ and 
1 will tell you the reason why it was not finished. The 
river Stour and some other rivera were granted hy an Act 
of Parliament to certain iiersous of honor, and some pro- 
gress was made in the work, hut within a small while after 
the Act passed:]: it was lot fall again; but it being a brat 

* Nash’s Worcestet^ire^ i, 306. $ The Ast ibr making the Stem 

T Joim CuAirBEBS, JSIagrapJiicaf and Snlwai'p navigable originated in 
Tlltairatiora of Woneatershire. Lon> the l.ords and ivas passed in the vcor 
Jon, 1820. 1661. 
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of mj' owt, I was not willing it should bo abortive, whei'©- 
fore I made offers to perfect it, having a third part of the 
inheritance to me and my heirs for ever, and we came to 
an agreement, upon which I fell on, and made it completely 
navigable &om Stourbridge to Eidderminster, and carried 
down many hundred tons of coal, and laid out near 1000/., 
and there it was obstructed for want of money." * 

Another of Yawanton’s far-sighted schemes of a similar 
kind was one to connect the Thames with the Severn by 
means of an artificial out, at the very place where, more 
than a century after bis death, it was actually canied out 
by modem engineers. This canal, it appears, was twice 
surveyed under his direotionbyhis son. He did, however, 
Buocood in his own time in opening up the navigation of 
the Avon, and was the first to cany barges upon its waters 
from Tewkesbury to Stratford. 

The improvement of agriculture, too, ])ad a share of 
Yarranton’s attention. He saw the soil c.thausted by long 
tillage and constantly repeated crops of rye, and ho urged 
that the land should have rest or at least rotation of crop. 
With this object he introduced clover-seed, and supplied 
it largely to the farmers of the wostem counties, who 
found their land doubled in value by the new method 
of husbandry, and it shortly became adopted throughout 
the country. Seeing how commerce was retarded by tho 
small accommodation provided for shipping at the then prin- 


* KasJi, 111 his JTid. of Wore,, iiiH- 
mates that Loi'd Winilaov duhaeiiuentljr 
.•eaewei the attempt to make the Sal- 
warp naaSgnhlc. He constmeted five 
out of die she locks, luid then ahandoned 
the scheme. Gough, in his edition of 
Camdm’a Brit. ii. 357, loud. 1789, 
says, “ it is not long since some of the 
honte made use of in Yamnton's navi- 
gation were ibnnd. Heiiber tradition 
nor onr projector's arcount of the 
matter perih^ly satisfy us wliy this 
Mvigation wos ciglectod. . . . We 


must tharsfore conclude that tlic nume- 
rous works aud glass-houses upon tlic 
Stour, and in tho neighbourhood at 
Stourbridge, did not then exist, a.u. 
160C. .... Tlic nurigiihlc communi- 
cation which now connects Trent and 
Severn, and which runs in the course 
of yaiTonton's project, is already of 

general use The ranal siure 

executed under the inspection of Mr. 
Brindley, running pamcl with ths 
river .... cost the proprietors 
105,0001." 


y 
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oipal ports, Tarramton next made snrveys and planned docks 
for the city of London; but tbougb be zealously advo- 
cated the subject, ho found few supporters, and bis plans 
proved fruitless. In this respect he was nearly a hundred 
and fifty years before bis age, and the London importers 
continued to conduct thoii' shipping business in the crowded 
tideway of the Thames down even to the beginning of tbo 
present century. 

'While carrying on bis iron works, it occurred to Yar- 
ranton that it would be of great national advantage if tbo 
manufacture of tin-plate could be introdncod into England. 
Although the riobest tin mines then known existed in this 
country, the mechanical arts were at so low an ebb tliat 
we were almost entirely dependent upon foreigners for the 
supply of the articles manufaotm'ed from the metal. The 
Saxons were the principal consumers of English tin, and 
we obtained from thorn in return nearly the whole of our 
tin-plates. All attempts made to manufacture them in 
England had hitherto failed ; the beating out of the iron 
by hammers into laminre sufBoiently thin and smooth, and 
the subsequent distrihutiou and fixing of the film of tin 
over the surface of the iron, proving difficulties which 
the English manufacturers were unable to overeome. To 
master these difficulties the indefatigable Yarranton set 
himself to work. “ Enow'ing,” says he, " the usefulness of 
tin-plates and the goodness of our metals for that purpose, 
I did, about sixteen years since (i. e. about 1666), en- 
deavour to find out the way for making thereof; whoro- 
upon 1 acquainted a person of much riches, and one that 
was very understanding in the iron manufiicturo, who was 
pleased to say that he had often designed to got the trade 
into England, but never could find out the way. Upon 
which it was agreed that a sum of monies should be ad- 
vanced by several pei’sons,* for the dofrnjang of my charges 

* In tlie dedication of his book, en- the names of the “ noble patliots” who 
titled Unghud's Improvement by Sea sent him on bis journey of buiuiry. 
nnd Zaw, Part I., Tarronton gives Theywere Sir Walter Klrthsra Blount, 
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of travelling to tlie place where these plates are made, and 
from thence to bring away the art of making them. Upon 
which, an able fire-man, that well understood the naturo 
of iron, was niiide choico of to accompany me ; and being 
fitted witli on ingenious interpreter that well understood 
the language, and that had dealt much in that commodity, 
wo marched first for Hamburgh, then to Leipsic, and from 
thence to Dresden, the Duke of Saxony’s court, where we 
had notice of the place where tlie plates wore made ; which 
was in a largo tract of mountainous land, running from a 
pilaoe called Seger-Hutton unto a town called Awe fAu], 
boing in length about twenty miles.” * 

It is curious to find how much the national industry of 
England has been influenced by the existence from time to 
time of religious persecutions abroad, which h.ad the effect 
of driving skilled Protestant artisans, more particularly 
from Flanders and Franca, into England, where they en- 
joyed the speoial protection of successive English Govern- 
ments, and founded various important branches of manu- 
facture. But it appears from tho history of the tin manu- 
faotm-es of Saxony, that that country also had inofited in 
like manner by the religious persecutions of Germany, and 
even of England itself. Thus we are told by Yawanton 
that it was a Coinish minor, a Protestant, banished out 
of England for his religion in. Qncon Mary’s lime, who 
discovered the tin mines at Awe, and that a Bomish 

Bari., i^ir &iinui.'l Baldwia aud Sir iii^'ailouilbhlugbi'aDvhofiiiauutacluir. 
Timothy Baldwin, Knidits, Thomas T hesa wem indeed the days of romaiiio 
Foley and Philip Foley, Bsquires, and and adventure in mannlhctures, 
six other gentlemen. The ihtlier of * The district is known ss the 
theFoIeysWBshimsolfsuppoeedtohnre Erzgebirge or Ore Mountsins, and the 
introdneed the art of iron-splitting into iilesengeblige or Giant Mountains, 
England by nn expedient similar to MacCullocIi snys that upwards of SOO 
that adopted by Yatranton in obtidn- mines are wronght in the fiirmer dis- 
ing a knowledge of the tin-plate manu- trict, and tlint one-thirtieth of the 
fiictare {Self-Help, p. 145). The entire popnlntion of Saxony to this day 
seoret of the silk-throwing machinery derive their subsistence trom mining 
of Piedmont was in like manner intro- industry and the manuihetDre of me- 
duced Into England by Mr. Lombe of tallicproduols. — Getyraj^iodl Biot.iU 
JOerby, who shortly sncceeded in found- 648, edit. 1864. 
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priest of Bohemia, -who had been converted to Lutheranism 
and hed into Saxony for refuge, “ was the chief instrument 
in the manufacture until it was perfected.” These two 
TTiATi were held in great regard by the Duke of Saxony as 
well as by the peoj)le of the country ; for their ingenuity 
and industry proved the soui-ce of great prosperity and 
wealth, “several fine cities,” saysYanmton, “having been 
raised by the riches proceeding from the tin-works” — not 
less than 80,000 men depending upon the trade for their 
subsistence ; and when Yarranton visited Awe, he found 
that a statue had been erected to the memoiy of the 
Cornish miner who first discovered the tin. 

Yarrauton was very civilly received hy the minors, and, 
contrary to his expectation, he was allowed freely to in- 
spect the tinworks and examine the methods by which 
the iron-plates were rolled out, as well as the process of tin- 
ning them. He was even permitted to engage a number 
of skilled workmen, whom ho brought over with him to 
England for the purpose of starting tho monuiaoture in 
this countiy. A beginning was made, and the tin-plates 
manufactured bj' Yarranton’s men were pronounced of 
better quality even than those made in Saxony. “ Many 
thousand plates,” Yarranton says, “ were made from iron 
luised in the Eorost of Doan, and were tinned over with 
Oomish tin; and the plates proved far better tluin tho 
German ones, by reason of the toughness and floxibleness 
of our forest iron. One Sir. Dison, a tinman in Worcester, 
Mr. Lydiate near Elect Bridge, and Sir. Hanison near tho 
King’s Bench, have wrought many, and know their good- 
ness.” As Yanunton’s account was written and published 
during the lifetime of tho parties, there is no reason to 
doubt the accuracy of his statement. 

Arrangements were made to carry on the manufacture 
upon a largo scale ; but the secret having got wind, a patent 
was taken out, or “ tmmpt up ” ns Yamnton calls it, for tho 
manufacture, “the patentee being countenanoed hy some 
persons of quptity,” and Yarranton was precluded from 
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canjing his opomfiona further. Jt is not improbable 
that the patentee in question was William Chambciiaine, 
Dud Dudley’s quondam partner in the iron manufactme.* 
“ What with the patent being in onr waj’,” says Yarianton, 
“and the richest of our partners being afraid to odcnd great 
men in power, who had their oyo upon ns, it cau.scd the 
thing to cool, and the making of the tin-plates was neither 
proceeded in by ns, nor possibly could bo by him that had 
the patent; boeause neither he that hath the patent, nor 
those that have countenanced him, can make one plate 
fit for use.” Tananfon’s labours were thus lost to the 
English public for a time ; and wo continued to import 
all OUT tin-j)latos from Gei-niauy until about sixty yeai-s 
later, when a tin-plate manufactory was established by 
Cupol Hanbury at I’ontypool in Monmonlhshire, where it 
has since continued to bo snccessfully carried on. 

We can only briefly refer to the subsequent history of 
Andrew Yamnton. Shortly after his jonmey into Saxony, 
he proceoded to Holland to examine the iuJaud naviga- 
tions of the Dutch, to inspect their linen and other niami- 
fuctures, and to inquire into the causes of the then 
extraordinary prosperity of that country compared with 
England. Industry was in a very languishing state at home. 
“ People confess they are sick,” said Yarranton, “ that trade 
is in a consumption, and the whole nation languishes.” 
He therefore determined to ascertain whether something 
useful might not bo learat from the e.vample of Holland. 
The Dutch were then the hardest working and the must 
thriving people in Europe. They wore mamifactureTS and 
carriers for the world. Their fleets floated on every known 
sea; and their herring-busses swarmed along our coasts 
os far north as the Hebrides. The Dutch supplied our 
markets with fish caught within sight of our own shores, 

* Chamberlnine and Dudl^a firit and tinning iron, copper, &c.," wa* 
liceuca was granted in 1 661 for plating granted in 1673, probably tlie patent 
eteel and tinning the aaid platca ; and in question, 
dhamherlaine’a sole latent for “ plnting 
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while oiir coastiug population stood idly looking on. Yar- 
ranton logarded this state of things as most discreditable, 
and ho urged the establishment of varions branches of home 
industry as the best way of ont-doing the Dutch without 
fighting them. 

'Wherever he travelled abroad, in Germany or in 
Holland, ho saw industry attended by wealth and com- 
fort, and idleness by poverty and miseiy. The same pur- 
suits, he held, would prove as beneficial to England as 
they were abundantly proved to have been to Holland. 
The healthy life of work was good for all — for individuals 
as for the whole nation ; and if we would out-do the Dutch, 
he held that wo must out-do them in industry. But all 
innat he done honestly and by fair means. “Common 
Honesty,” said Tarranton, “ is as necessary and needful in 
kingdoms and oommonwoaltbs tbat depend upon Trade, as 
discipline is in an army j and wbeto there is want of com- 
mon Honest^' in a kingdom or commonwealth, from thenoo 
Trade shall depart. For as the Honesty of all governments 
is, BO shall bo thoir Riches ; and as their Honour, Honesty, 
and Riches are, so will bo their Strength; and as their 
Honour, Honesty, Riohe.s, and Strength are, so will ho 
their Trade. These are five sisters that go hand in hand, 
and must not he parted.” Admirable sentiments, which 
are as true now as they rvere two hundred years ago, when 
Yarranton urged them upon tho attention of the English 
public. 

On his return from Holland, ho acooifiingly set on foot 
various schemes of public utility. He stii'red up a move- 
ment for the encouragement of tho British fisheries. He 
made several joumeys into Ireland for the purpose of 
planting new manufactures there. He surveyed the River 
Slade with the object of rendering it novigable, and pro- 
posed a plan for improving tho harborrr of Dublin. He 
also surveyed the Dee in England with a view to its being 
connected with the Severn. Chambers says that on the 
decline of his popularity in 1877, ho was taken by Lord 
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Clarendon to Salisbury to survey tbo Eiver Avon, and find 
out bow that river might be mado navigable, and also 
whether a safe harbour for ships could be mado at Ohrist- 
churohj and that having found where ho thought safe 
anchorage might be obtained, his Lordship proceeded to 
act upon Yarranton’s recommendations.* 

Another of his grand schemes was the establishment of 
the linen manufacture in the eenti-al counties of England, 
which, he showed, were well adapted for the growth of 
fias; and he calculated that if success attended his 
efforts, at least two millions of money thou sent out of the 
country for the purchase of foreign linen would be retained 
at home, besides increasing the value of the land on which 
the flax was grown, and giving remunerative employment 
to our own people, then emigrating for want of work. 
“Nothing but Sloth or Envy,” he said, “can possibly 
hinder my labours from being crowned with the wished- 
for success ; om’ habitual fondness for the one hath already 
brought us to the brink of ruin, and oui- proneness to tlie 
other hath almost discouraged all pious endeavouiu to pro- 
mote our future happiness." 

In 1077 be published the first part of his Englan^s Im- 
vrooement hy Sea and Land — a very remarkable book, full of 
sagacious insigbl as respected the future commercial and 
manufacturing greatness of England. Mr. Dove says of 
jbis book that Yari-anton “ obolks out in it the future course 
of Britain with as free a hand as if second-sight had revealed 
to him those expansions of her industrial career which 
never fail to surprise us, even when we behold them 
realized.” Besides his extensive plans for making harbours 
and improving internal navigation with the objeot of 
creating new diannels for domestic indnstty, his schemes 
for extending the iron and the woollen trades, establishing 
the Nunn mannfaoture, and cultivating the home fisheries, 
we find him throwing out various valuable suggestions 
with reference to the means of feoilitaisng commercial 

* Joim Chambbbs, JStographiccU IBustralidns of Wmeteterdare. Lonlon, 

1820 , 
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trabsactioixa, soma of whioli have only been, carried out in 
our own day. One of bis grandest ideas was the eslablisb' 
mont of a public bank, the credit of which, based upon the 
security of freehold land,* should enable its paper “to go 
in trade equal with ready money.” A bank of this sort 
formed one of the principal means by which the Dutch had 
been enabled to extend their commercial transactions, and 
Yairanton accordingly urged its inti'oduotion into England. 
Part of his scheme consisted of a voluntary register of 
real property, for the purpose of effecting simplicity of 
titlo, and obtaining relief from the excessive charges for ■ 
law,+ as well as enabling money to he readily raised for 
commeroial purposes ou security of the land registered. 

He pointed out very graphically the straits to which, a 
man is put who is possessed of real property enough, hut 
in a time of pressure is unable to turn himself round for 
want of ready cash. “ Then," says he, “ all his creditors 
crowd to him as pigs do through a hole to a bean and pease 
rick." “ Is it not a sad thing,” he asks, “ that a goldsmith’s 
hoy in Lombard Street, who gives notes for the monies 
Imuded him by the merchants, should take up more monies 
upon his notes in one day than two lords, four Imights, 
and eight esquires in twelve months upon all their per- 
sonal securities ? Wo are, ns it were, cutting off our legs 
and arms to see who will feed the trunk. But we cannot 
expect this from any of our neighbours abroad, whose 
interest depends upon our loss.” 

He therefore proposed his registry of property as a ready 
means of raising a credit for pmposes of trade. Thus, 
he says, " I can both in England and Wales register my 
wedding, my burial, aud my ohrislening, and a poor parish- 
clerk is entrusted with the keeping of the hook ; and that 


* Ymanton’s )..and Bcue wm no- 
toftUy projected la 1605, fuid received 
the sanctioa of Parliament ; thou^ the 
Baali: of England (Ibundcd In the pre- 
ceding year) petitioned against it, and 
the Bcbrme was dropped. 


t It Is mtaresting to note in passing, 
that iHirt of Tarjianton’s scheme has 
rccenUy been carried into effeet by the 
Act (25 and 26 Viet, c. 53) pnssra in 
1882 for the Itegistintion of Iteol 
Estate. 
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which is registei'Od there is held good by om- law. But 1 
cannot register my lands, to be honest, to pay every man 
his own, to prevent those sad things that attend families for 
want thereof, and to Lave the great benefit and advantage 
that would eome thereby. A register will quicken tiude, 
and the land registered will be equal as cash in a man’s 
hands, and the credit thereof will go and do in trade what 
ready money now doth.” His idea was to raise money, when 
necessary, on the land regiatei-ed, by giving security thereon 
after a form which he suggested. He would, in fact, have 
made land, as gold now is, the basis of an extended our- 
rcncy ; and he rightly held that the value of land as a 
security must always be unexceptionable, and superior tc 
any metallic basis that could possibly be devised. 

This indefatigable man continued to urge his various 
designs upon the attention of the public until he was far 
advanced in years. He professed that he was moved to do 
so (and we believe him) solely by an ardent love for his 
country, “whose future flourishing,” said he, “is the 
only reward I ever hope to see of all my labours.” Yar- 
ranton, however, received but little thanks for his per- 
sistency, while he encountered many rebufis. The public 
for the most part turned a deaf ear to his entreaties ; and 
his writings proved of comparatively small avail, at least 
during his own lifetime. He experienced the lot of many 
patriots, even the purest — the suspicion and detmetion of 
his contemporaries. His old political enemies do not seem 
to have forgotten him, of which we have the evidence in 
certain rare “ broadsides ” still extant, twitting him with 
the failure of his schemes, and even trumping np false 
charges of disloyalty against him.* 

"'One of these is entitled 'A Tanauton is mode to &roai' the Trice 
Cofiec-houee Dialogue, or a Discouree of York’s exdasion fiom the throne, 
between Captain T— and a Young not only because be was a papdst, but 
Banister of the middle Temple; uith for graver reasons than he dace a- 
some Beflections upon the Bill against press. Another scnrrilons pamphlet, 
the D. of Y.’ In Hue broadside, of entitled ' A Win'd Without ihiors,* 
S| pages folio, published about 1678, rvos oIk stmed at him, Ynnunton, 
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In 1681 li6 pulilislied tho second paa't. of ‘England’s 
Improvement,”’' in wliicli he gave a summary account of 
its then limited growths and manufactures, pointing out 
that England and Ireland wore tho only northern kingdoms 
remaining unimproved ; ho re-urged the benefits and neces- 
sity of a voluntary register of real property ; pointed out 
a method of improving the Eoyal Navy, lessening the 
growing power of France, and establishing home fisheries ; 
proposed tho scouring and fortifying of Tangier ; described 
a plan for prevonting fiins in London, and reducing the 
charge for maintaining the , Trained Bands ; uigcd the 
formation of a harboui' at Newhaven in Sussex; and, 
finally, discoursed at considerable length upon the tin, 
iron, linen, and woollen trades, sotting forth voi'ious 
methods for theii' improvement. In this last section, after 
referring to the depression in the domestic tin trade 
(Cornish tin selling so low as 70s. the owt.), he suggested 
a way of reviving it. With the Cornish tin he would 
combine “ the Roman cinders and iron-stone in the Forest 


or his fcieniis, repU'A to tUu tiviit altaok 
ill a folio of two pngos, entitled * The 
Coifee-house Diiilogue Exomined .ind 
Rufuted, liy some Neighbours in the 
County, well-wishers to the Kingdom’s 
interest.’ The controversy was fol- 
lowed up by ‘ A Continn.ntion of the 
Cnftee-housa Dialogue,' in which the 
chief interlocutor hits Yninintan rather 
hard for the luisrarriage of his “ un- 
prorements.” “I know,” says he, 
‘‘when and where you undertook for 
a small charge to make a river 
navigable, end it has cost the pro- 
prietors about six times ns much, and 
is not yet effective ; nor can any man 
lationiuly pradict when it will lie. I 
know since you left it your son under- 
took it, and this winter ehamefuUy 
left his undertaking.” Tarronton’s 
friends immediately replied in a four- 
page folio, ontitled ' England’s Im- 
provemenis Justified ; and tho Author 


thereof. Captain Y., vindicated from 
the Scandals in a papei- colled a Coffee- 
house Dialogue; with some Animad- 
versions upon the Popish Designs 
therein contained,’ Tho writer says 
he writes witliout tho privity or sanc- 
tion of Yarrouton, but declares the 
diniogne to be a forgery, and that the 
alleged conference never took place. 
“ Ilia Innocence, when he heard of it, 
only provoked a amile, with this 
answer, Spretu vllemmi, falsehoods 
must perish, and ara soonest destroyed 
by contempt; so that ^ needs no 
further vindication.” The writer tlien 
proceeds at some lengtli to vindicate 
the Captain’s famous work and Ae 
propositions contained in it. 

* This work (especially with the 
plates) is exccssivdy rare. There is a 
copy of It in pei'fect condition in the 
Gi'cnville Library, British Hnsenm. 
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of Doan, which makes the best iron for most uses in the 
world, and works up to tho best advantage, with delight 
and pleasure to the workmen.” He then described tho 
history of his own efforts to import tho manufacture of tin- 
plates into England some sixteen years before, in which ho 
had been thwarted by Chamberlaine’s patent, as above 
described, — and offered sundry queries as to the utility of 
patents generally, which, sajm he, “ have the tendency to 
drive ti'ade out of the kingdom.” Appended to the chapter 
on Tin is an execodingl 3 ' amusing dialogue between a tin- 
miner of Cornwall, an iron-miner of Dean Eorest, and a 
traveller (himself). Prom this wo gather that Yanunton's 
business continued to be that of an iron-manufacturer at 
his works at Ashley near Bewdley. Thus the iron-miner 
says, “ About 28 years since Mr. Yarranton found out n 
vast quantity of Homan cindoi-s, near the walls of the city 
of Worcester, from whence he and others carried away 
many thousand tons or loads up the river Severn, unto 
their iron-furnaces, to be melted down into iron, with a 
mixture of the Forest of Dean iron-stone; and within 
100 yards of tho walls of tho city of Worcester there was 
dug up one of the hearths of the Homan foot-blasts, it 
being then firm and in order, and was 7 foot deep in the 
earth; and by tho side of the work there was found a pot 
of Homan coin to the quantity of a peck, some of which 
was presented to Sir [Wm.] Dugdale, and part thereof is 
now in the King’s Closet.” * 

In the same year (1681) in which the second part of 
‘ England’s Improvement ’ appeared, Yaixanton proceeded 
to Dunkirk for the purpose of making a personal smvey of 
that port, then belonging to England; and on his return he 
published a map of the town, harbour, and castle on tho 
sea, with accompanying letterpress, in which he recom- 

* Dr, Nash, in his History of the alj, lias made a most ahle deience 
Woreestershira, has tlirown some of Tan-anion’s statement (vel. i. 9, in 
doiilits ujion this storj; bat Hr. foot-note). 

Green, in his Hiaimioal .wtlquitiaa of 
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meuded, for the safety of British trade, the doniolition of 
the fortifications of Dunkirk before they wore completed, 
which, he held would only bo for the purpose of their being 
garrisoned by the Pronch king, llis ‘Pull Discovery 
of the First Presbyterian Sham Plot ’ was published in the 
same year ; and from that time nothing further is known 
of Andrew Yarranton. His name and his wi-itings have 
been alike nearly forgotten; and, though BLshojj Watson 
declared of him that he deserved to have a statue erected 
to his memory as a gi-eat public benefactor, wo do not 
know that he was so much as honoured with a tombstone; 
for wo have been unable, after careful inciuiry, to discover 
when and where he died. 

Yarranton was a man whose views wore far in advance 
of his age. The generation for whom he laboured and 
wrote were not ripe for their reception and realization ; and 
his voice sounded among the people like that of one crying 
in the wildemesa. Bnt though his exhortations to industrj’ 
and his Ituge ifians of national impiovoment failed to work 
themselves into realities in his own time, he broke the 
ground, he sowed the seed, and it may bo that even at this 
day wo are in some degree reaping the results of his 
labours. At all events, his books still live to show bow 
wise and sagacious Andrew Yarranton was beyond bis con- 
temporaries as to the true methods of establishing upon 
solid foundations the industrial prosperity of England. 
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CHAPTER V. 

CoaiiBhookdau! Thon Wobks — The Darbtb and 
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" Tho ti'iuniph of the indmti iiil Arts wiJl adrence the cause of ciiiliaa* 
lion more rapidly than its warmest advocates conltl have hoped, and cou- 
tiibute to the permanent piosperily and sti'ength of the conntry far more 
than the most splendid victories of successful war." — C. Badbaqe, The 
Exposition of 

Dun Dudley’s invention of smelting iron willi coke made 
of pit-coal was, like many others, bom before its time. It 
was neither appreciated by the iron-mastem nor by tho 
workmen. All schemes for smelting ore with any other fuel 
than charcoal made from wood were regarded with incre- 
dulity. As for Dudley’s Metallum Mariis, as it contained 
no specification, it revealed no secret; and when its author 
died, his secret, whatever it might he, died tvith him. 
Other improvements were doubtless neoessaiy before the 
invention conldho turned to nsefnl account. Thus, until a 
nioro powerful hlowing-fnrnace had been contrived, the pi o- 
duotion of pil-coal iron mtist necessarily have been limited. 
Dudley himself docs not seem to have been able to mako 
more on an average than five tons a-week, and seven tons 
at the outside. Nor was tho iron so good as that made by 
charcoal ; for it is admitted to have boon especially liable 
to dotorioration by tho snlphuroons fumes of tho coal in tho 
process of manufacture. 

Dr. Plot, in his ‘ History of Staffordshire,’ speaks of an 
experiment made by one Dr. Blewstone, a High German, 
as “ the last effort ” made in that county to smelt iron-ore 
with pit-coal. Ho is said to have “ Duilt hifi furaaco at 
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■\Vodaosbury, so ingeniously oontrivecT (that only the flaiuo 
of the coal should oomo to the ore, with several other con- 
vonienoes), that many were of opinion ho would succeed 
in it. But oxperioncp, that groat baffler of speculation, 
showed it would not bo ; the sulphureous vitriolic steams 
that i'isuo from the P3'rite.s, which frequently, if not always, 
accompanies pit-coal, ascending with the flame, and iioi- 
soning the ore sufficiently to make it render much worso 
iron than that made with ohai-coal, though not porha 2 Ds so 
much worse as the body of the coal itself would possibly^ 
do.” * Dr. Plot does not give the year in which tliis “ hist 
effort” was made j but as we find that one I)i'. Frederic do 
Blewston obtained a jyatont from Charles II. on the 25th 
October, 1677, for “ a new and effectual way of moltuig 
down, forging, extracting, and reducing of iron and all 
metals and minerals with pit-ooal and sea-coal, as well 
and effectually as ever Irnth yet been done by charcoal, 
and with much less charge ; ” and as Dr. Plot’s History, in 
which he makes mention of the experiment and its failure, 
was published in 1680, it is obvious that the trial must 
have been made he'twcou those years. 

As the demand for ii-on stoadily increased with the 
moreasing pojralatiou of the country, and as the supply of 
timber for smelting purposes was diminishing from year 
to year, England was compelled to roly more and more 
upon foreign cormtrias for its supply of marxufaotnred iron. 
The number of English forges rapidly dwindled, and tho 
amount of tho homo production became insignificant in 
comparison with what was imported from abroad. Yar^ 
ranton, writing in 1076, speaks of "the many irou-works 
laid down in Kent, Sussex, Sun’oy, and in the north of 
England, because the iron of Swoadland, Flanders, and 
Spain, coming in so cheap, it cannot be made to jjrofit 
hero.” There were many peisons, indeed, who held that 
it was better we should be supplied with iron finm Spain 


Dr. 7'XiOr, Natural History of Stafonbhire, 2ad rd. 16S6, p, 138. 
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lihan make it at homo, in consequonco of the great waste 
of wood involved hy the manufacture; hut against this 
view Yarranton strongly contended, and held, what is as 
true now as it was then, that the manufacture of iron was 
the keystone of England’s industrial prosperity. Ho also 
apprehended great danger to the country from want of iron 
in event of the contingency of a foreign war. “ AVhen the 
greatest part of the iron-works are asleep,” said lie, “if 
there should he occasion for great quantities of guns and 
hullels, and other sorts of iron commodities, for a present 
imexpectod war, and the Sound happen to he locked up, 
and so prevent iron coming to us, truly we should then he 
in a fine case I " 

Not'vvithstanding these apprehended national perils arising 
from the want of iron, no steps Eooin to have been taken 
to supply the deficiency, either hy planting woods on a 
large scale, as recommended by Yarranton, or hy other 
methods ; and the produce of English iron continued steadily 
to decline. In 1720-30 ther-e were found only ten furnaces 
remaining in blast in tire whole Forest of Doan, where the 
iron-smelters wer'e satisfied with working up merely the 
oindere left by the Eonraus, A writer of tiro timo states 
that we then bought between two and three hundred thou- 
sand pounds’ wo:^ of foreign iron yearly, and that Eng- 
land was the best customer in Em’ope for Swedish and 
Eussian iron.* By the middle of the eighteenth oenturj' 
the home manufacture had so much fallen off, that the total 
production of Great Britain is supposed to have ammmtud 
to not more than 18,000 torrs a year ; four-fifths of the iron 
used in the country being imported from Sweden.* 


* JOSnUA Gee, STie Trade md 
Streigatim of Great Britain am- 
aidered, 1731. 

t When a bill wns introduca] into 
Parliament in 1750 with the oUect of 
encoiuaglng the importation of iron 
from onr American colonlea, the Shef- 
fannere petitioned against it. on 


tne ground that, ifiljioiscd, English iron 
would be imdcrsold; many forges would 
coDseiinently he disoontinned ; in which 
cate the timber used for fliel wontd re- 
miliu onent, and the tanners wonM. 
thereby he d^nred «F hark &r the 
purposes of their trade t , 
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The more that the remaining ironmastoi's became 
straitened for want of wood, the more they were compelled 
to resort to cinders and coke made from coal as a substi- 
tute. And it was found that under certain cironmstanocs 
this fuel answered the purpose almost as well as charcoal ol 
wood. The coke was made by burning the coal in heaps in 
the open air, and it was usually mixed with coal and peat 
in the process of smelting the ore. Goal by itself was used 
by the country smiths for forging whenever they could pro- 
cure it for their smithy fires ; and in the midland counties 
they had it brought to them, sometimes from great distances, 
slung in bags aoross lioraes’ backs,' — for the state of the roiids 
was then so execrable as not to admit of its being led for 
any oonsiderahle distance in carts. At length we arrive at 
a period when ooal seems to have come into general use, 
and when necessity led to its regular employment both in 
smelting the ore and in manufacturing the metal. And 
this brings us to the establishment of the Coalbrookdalo 
works, where the smelting of iron by means of coke and 
ooal was first adopted on a largo scale as the regular 
method of manufacture. 

Abraham Darby, the first of a siicoessiou of iron inanii- 
factnrors who bore the samo name, was the son of a farmer 
residing at Wrensnest, near Dudley. He seiwed an appren- 
ticeship to a maker of malt-kilns near Birmingham, aflor 
which ho married and removed to Bristol in 1700, to begin 
business on his own account Industry is of all politics 
and religions : thus Dudley was a Eoyalist and a Ghuroh- 
man, Yarranton was a Parliamentarian and a Presbyterian, 
and Abraham Darby was a Quaker. At Bristol ho was 
joined by three partners of the same persuasion, who pro- 
vided the necessary capital to enable him to sot np works 
at Baptist Mills, near that city, where he carried on the 
business of malt-mill making, to which he afterwards added 
brass and iron founding. 

At that period oast-ixon pots were in very general use, 
forming the principal cooking utensils of the working class. 
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Tlio art of casting had, iKurcvcr, liiaJo such siuull ijrogresa 
in Englaaid that the pots wore for the most part imported 
from abi’oad. Darhy resolved, if possible, to enter upon 
this luciutive branch of manufacture ; and he proceeded to 
make a number of experiments in pot-making. Like others 
who had preceded him, he ni.ado his first moulds of clay ; but 
they cracked and burst, and one trial failed after another. 
Ho then determined to find out the true method of maim- 
faotnring tho pots, hy travelling info the country from 
whence tho best were imported, in order to master tbo 
grand secret of the trade. With this ohject he wont over 
to Holland in tho year 1700, and after diligent inqniiy he 
ascertained that the only sure method of casting ‘‘ Ililtf>n 
ware," as such castings were then called, was in moulds of 
fine dry sand. This was tho whole secret. 

Eetnrning to Bristol, accompanied hy some skilled Dutch 
workmen, Darby began the new manufacture, and succeeded 
to liis satisfaction. The work was at first can-ied on avith 
great secrecy, lest other makers should copy the art; and 
the precaution was taken of stopping the keyhole of tho 
worlcshop-door while the casting was in progress. To 
secui'e himself against piracy, ho proceeded to lake out a 
patent for the process in the year 1708, and it was granted 
for tho term of fourteen yours. The recital of the x>ntent 
is curious, as showing tlie backward state of English 
iron-founding at that time. It sets forth that “ whereas 
our trusty and well-beloved Abraham Darby, of our city of 
Bristol, smith, hath by bis petition humbly roiire.sonted to 
us, that by his study, industry, and ospenso, he bath found 
out and brought to perfection a now way of casting iron 
beUied pots and other iron bellied ware in sand only, with- 
out loam or clay, by which such iron pots and other ware 
may ho cost fine and with more ease and expedition, and 
may he afforded cheaper than they can he by the way com- 
monly used ; and in regard to their cheapness may he of 
great advantage to the poor of this onr kingdom, wlio for 
tho most part use such ware, and in all probability will 

a 
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prevent the merclianta of England going to foreign markets 
for sucli Wave, from whence great quantities are imported, 
and likewise may in time snpply other markets with that 

manufacture of our dominions,” &c grants the said 

Abraham Darby the full power and sole privilege to make 
and sell such pots and wai-e for and during the term of 
fourteen years thence ensuing.” 

Darby proceeded to make arrangements for cariying on 
the manufacture upon a large scale at the Baptist Mills ; but 
the other partners hesitated to embark more capital in the 
concern, and at length refused their conciUTenco. Deter- 
mined not to he baulked in his enterprise, Darby aban- 
doned the Bristol fiini; and in the year 1709 he removed 
to Coalhrookdtile in Shropshire, with the intention of pro- 
secuting the enterprise on his own acconnt. He took the 
lease of a little furaace which had existed at the place for 
more than a centimy, as the records exist of a “ smethe ” or 
“ smeth-house ” at Coalbrookdalein the time of the Tudors, 
The woods of oak and hazel which at that time filled the 
heautifid dingles of the dale, and spread in almost a coii- 
tinuons forest to the base of tbo Wrokin, furnished ahun- 
dant fuel for the smithei’y. As the trade of the Coalhrook- 
dole firm extended, these woods heoamo cleared, until the 
same scarcity of fuel began to be e-xperienced that had 
already desolated the forests of Sussex, and brought the 
manufacture of iron in that quarter to a stand-still. 

It appears from the ‘ Blast Eiimaoe htomorandum Book’ 
of Abraham Darby, which we have exnininod, that the 
make of iron at the Coalbrookdale foundry, in 171,'J, varied 
from five to ten tons a week. The pidncipal articles oast 
were pots, kettles, and other “ hollow ware,” direct from 
the smelting-fumaoe ; the rest of the metal was run into pigs, 
In courso of time we find that otlmr castings were turned 
out : a few grates, smoothing-irons, door-frames, weights, 
oaking-plates, cart-hushes, iron pestles and mortal's, and oo- 
tasionally a tailor’s goose. The trade gradually increased, 
until we find as many as IBO notsand kettles oast in a week. 
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Tho fu3l used in the furnaces appears, from the Darby 
Memorandum-Book, to have been at. fir.st entirely char- 
coal ; but tho growing searoity of wood seems to have 
gradually led to the use of coke, bmys or small coke, and 
peat. An abundance of coals existed in the neighbour- 
hood ; by rejecting those of inferior quality, and coking 
Iho others -with groat airo, a combustible was obtained 
better fitted even than charcoal itself for the fusion of that 
particular kind of ore which is found in tlio coal-mea-sures. 
Thus wo find Darby’s most favourite charge for Ms furnaces 
to have been five baskets of coke, two of brays, and one of 
peat ; next followed the ore, and then tho limostone. Tho 
use of charcoal was gradually givem up as tho art of siiielt- 
iug with coke and braj-s improved, most probably aided by 
the increased power of tho furnacc-blast, until at length wc 
find it entirely discontinued. 

The castings of Coalbrookdale gradually acquired a re- 
putation, and tho trade of Ahraham Darby continued to 
increase until the date of Ms death, which occuned at 
Madoloy Couit in 1717. His sons were too young at the 
time to carry on tho business which ho had so successfully 
started, and sovoral portions of the w'orks were sold at a 
serious sacrifice. But when the sons had grown up to man- 
hood, they too entered upon tho business of iron-founding ; 
and Abrabara Darby’s son and grandson, both of the same 
name, largely extended the operations of the firm, until 
Ooalbrookdale, or, as it was popularly called, “ Bedlam,” 
became the principal seat of one of the most important 
branches of the iron trade. 

There seems to be some doubt as to the precise time when 
lut-coal was first regularly employed at Coalbrookdale in 
smelting tho oro. Mr. Senvenor says, “ pit-ooal was first 
used by Mr. Abraham Darby, in Ms furnace at Ooalbrook 
dole, in 1713 but -wo can find no confirmation of this 
statement in tho records of the Company. It is probable 


SSstoryoflM Iron SSrade, p. 56. 
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that Mr. Darby used iw coal, as was done in tba Forest of 
Dean at the same time,* in the prooess of calcining the ore ; 
but it would appear from his own Memoranda that coke 
only was used in the prooess of smelting. "We infer from 
other circumstances that pit-coal was not employed for the 
latter purpose until a considerably later period. The merit 
of its introduction, and its successful use in iron-smelting, 
is duo to Mr. Eichard Ford, who had married a daughter of 
Abraham Darby, and managed the Coalbrookdale works in 
1747. In a paper by the llev. Mr. Mason, Woodwardian 
Professor at Cambridge, given in the ‘ Philosophical Trans- 
actions ’ for that year, the first account of its successful 
employment is stated as follows : — “ Sevoml attempts have 
been made to run iron-ore with pit-coal : he (Mr. Mason) 
thinks it has not succeeded anywhere, as we have had no 
account of its being practised j but Mr. Ford, of OoaJbrook- 
dale in Shropshire, from iron-ore and coal, both got in the 
same dale, makes iron brittle or tough as ho jfieasos, there 
being cannon thus cast so soft as to bear turning like 
wought-iron.” Most probably, however, it was not until 
the time of Eichard Eeynolds, who succeeded Abraham 
Darby the second in the management of the woiks in 1757, 
that pit-coal came into large and regular use in the blasting- 
furnaces as well as the fineries of Coalbrookdale. j 
Eichard Eeynolds was bom at Bristol in 1735. Ilis pa- 


* See Mr. Powlu'e account of the 
Iron Works in the Forest of Dean 
11677-8), in the I’hilosophioal Traas- 
mticas, rol. ii. p. 418, where he siiys, 
“After they have pounded their ore, 
their first work is to cidcine it, whidi 
is done in kilns, much after the fashion 
of ordinary lime-kilns. These they fill 
up to the top with eon] nnd ore, stratum 
mper stratum, until it be full ; nnd so 
setting fire to the bottom, they let it 
bum till the coal he wasted, and then 
renew the kilns with ilesh ore and coni, 
in the nimo manner ns befoi e. This is 
done without fusion of the metal, nnd 
setree to consume the muio drossy 


parts of the ore nnd to make it friable." 
The writer then describes the process 
of smelting the ore mbrel with cinder 
in the furnaces, where, he says, the fuel 
is “ .always of charcoal." “Several 
nttemids,” he adds. “ have been made 
to introduce the ii.se of 80 . 1-0001 in these 
works instend of charconl, the former 
being to he hod .it nii easier rate than 
the latter; but hithailo they have 
proved ineifectnal, the workmen find- 
ing by cspcrience that n sea-eoal fire, 
how vehement soever, willnot penetrate 
the most fixed parts of the ore, and so 
loaves much of the metal unmelted,” 
t See Appendix H, 
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rents, like the Darkys, belonged to the Society of Friends, 
and Lo was educalod in that persuasion. Being a spirited, 
lively yontli, the “ old Adam ” occasionally cropped out in 
him ; and he is even said, when a young man, to havo been 
so much fired by the heroism of the soldier’s character that 
ho felt a strong desire to embrace a military career ; but this 
feeling soon died out, and he dropped into tho sober and 
steady rut of the Society. After seiving an apprenticeship 
iu his native town, ho was sent to Coalbrookdale on a mis- 
sion of business, where he became acquainted with the 
Darby family, and shortly after married ITannali, the 
daughter of Abraham the second. He then entered upon 
the conduct of the iron and coal works at Ketloy and 
Horsehay, where he resided for six. years, removing to 
Coalhrookdale in 1763, to take charge of tho works there, 
on the death of his father-in-law. 

By the e.'certions and enterprise of the Darbys, the 
Coalbrookdale Works had become greatly enlarged, giving 
remunerative employment to a largo and increasing popu- 
lation. The firm had extended their operations far beyond 
the boundaries of tho Dale : they had established foundries 
at London, Bristol, and Inverpool, and agencies at Now- 
uastle and Tiuro for the disposal of steam-engines and other 
iron machinery used in the deep mines of those districts. 
Watt had not yet perfected his steam-engine; hut there wa.s 
a considerable demand for pumping-engines of Newcomen’s 
construction, many of which were made at the Coalbrook- 
dale AVorks. Tho increasing demand for iron gave an im- 
petns to ooal-mining, which in its turn stimulated inventors 
ill theii’ improvement of the power of the steam-engine ; for 
tho coal could not ho worked quickly and advantageously 
unless tho pits could he kept clear of water. Thus one in- 
vention stimulates another; and when the steam-engine 
had been perfected by AVatt, and enabled powerful-blowing 
apxiaratus to be worked by its agency, we shall find that the 
production of iron by means of pit-coal being rendered cheap 
and expeditious, soon became enormously increased, 
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"VVe aie infonaed that it was wliile Eiohaid Itcynolda 
had chaigo of the Coalbrookdale works that a further im- 
portant improvement was effected in the manufacture of 
iron by pit-coal. Up to this time the conversion of crude 
or cast iron into malleable or bar iron had been effected 
entirely by means of charcoal. The process was oam'ed 
on in a fire called a finery, somewhat like that of a smith’s 
forge; the iran being exposed to the blast of powerful 
bellows, and in constant contact with the fuel. In the 
first process of fusing the ironstone, coal had boon used 
for some time with increasing success; but the question 
ai-ose, whether coal might not also bo used with effect in 
the second or refining stage. Two of the foremen, named 
Oranegc, suggested to Mr. Eeynolds that this might bo 
perfoimed in what is oalled a reverberatory furnace,* in 
whioh the iron should not mix with the coal, but be heated 
solely by the flame. Mr. Eeynolds greatly doubted the 
feasibility of the operation, but ho authorized the Oranegos 
to make an experiment of their process, the result of which 
will be found described in the following extract of a letter 
from Mr. Reynolds to Mr. Thomas Goldney of Bristol, 
dated “ Ooalbrookdalo, 2Sth April, 1766 — 


* Itererbeiatoiy, e<i cnllcd because 
the Hume or cuiTCnt of heated gases 
from the fuel is caused to ho iwerbe- 
rnted or loflcctcd down upon the snb- 
siaiice under operatloa before pacing 
into ilic cliimne}'. It is curious that 
Rovenson, in his Treatise nf MetaUiaa 
of 1613, desciibos a roTa'beratory fiir- 
nnee in which iron was to Is smelted 
by pit.<»iil, though it does not appear 
that he suocceilcd in perfecting his in- 
vention. hr. Puruy, in his e.vc«ileut 
work on Metallurgy, thus dosoribes a 
reverhemtory fiimaoe: — "It oousiats 
essentially of three poi'ts — a hreplaoe 
at one end, a stack or chimney at the 
other, and a bed between both on j 
which the matter is heated. The fire- 
place Is separated fnm the bed by a I 


low partition wall called the iiin- 
hridge, and both .are covered by an 
arched roof which rises A'om the end 
wall of the fireplace and gradually dips 
I toward the furthest end of the hod 
! connected with the stack. On one or 
both sides of the bed, or ot tho oiid 
near the staok, m.ay be openings through 
whidi tho ore spread over tho surface 
of the led may be atinud about and 
exposed to tho action of the air. The 
niatter is heated in .such a fiirnace by 
flame, and is kept from contact with 
the solid fuel. The flame in its course 
from the fiisiplaco to the stack is ro. 
flsoted downwards or reeerberatecl on 
the matter beneath, whence the name 
reverbsratary fomace.” 
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. ... “I come now to what I Uiink a matter of 
very great conseqaence. It is some time since Thos. 
Cranege, who works at Bridgenorth Forge, and his In'othcr 
George, of the Dale, spoke to me about a notion they hud 
conceived of making har iron -without wood charcoal. I 
Jold them, consistent with the notion I Iwd adopted in 
common with all others I liad conversed with, that I 
thought it impossible, because the vegetable salts in the 
charcoal being an alkali acted os an absorbent to the snl- 
Ijhui’ of the iron, which occasions the red-short quality of 
the iron, and pit coal abounding with sulphur would in- 
crease it. This specious answer, which would probably 
have appeared conclusive to most, and which indeed was 
•what I really thought, was not so to them. They replied 
that from the observations they had made, and repeated 
conversations together, they were both firmly of opinion 
that the alteration fmm tho quality of pig iron info that of 
har iron was offected merely by heat, and if I would givo 
them leave, they would make a tidal soino day. I conseuted, 
but, I confess, without any gi-eat expectation of their sue- 
cess ; and so the matter re.stcd some weeks, when it haj)- 
})eniug that some repaim had to bo done at Bridgenorth, 
Thomas came up to the Dale, and, with his brother, made 
a trial in Thos. 'I’illy’s air-fuinace with such success as I 
thought would justify the erection of a small air-furmico 
at the Forgo for the more perfectly ascertaining the merit 
of the invention. This was accordingly done, and a trial 
of it has been made this week, and the success has sur- 
passed the most sanguine expeotations. Tho iron put into 
the furnace was old Bushes, which thou knowest are alwjiys 
made of hard ii'on, and tho iron drawn out is tho toughest 
I ever saw. A bar inch square, when broke, appears to 
have very little cold short in. it. I look upon it as one of 
the most important discoveries ever made, and take fho 
libei’ty of recommending thee and earnestly requesting 
fhou wouldst take out a patent for it immediately. . . . 
The specification of the invention vnll ho comprised in a 
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few woiiIb, as it will only set forth that a revorhoratory fur. 
naco being built of a proper construction, the pig or cast 
iron is put into it, and without the addition of anything 
else than common raw pit coal, is converted into good 
malloable iron, and, being taken red-hot from the reverbe- 
ratory fnmaoe to tho forgo hammer, is drawn out into bars 
of various shapes and sizes, according to the will of the 
workmen.” 

Mr. Eeynolds’s advice was implicitly followed. A patent 
was secured in the name of the brothers Crauego, dated 
tho I7th Juno, 1706; and tho identical words in tho above 
letter were adopted in the speciheation as descriptive of 
the process. By this method of puddling, as it is toinied, 
the manufacturer was thenceforward enabled to produce 
irou in increased quantity at a largo reduction in pvioo ; 
and though tho invention of tho Craneges was greatly im- 
luoved upon by Onions, and subsequently by Cort, thero 
can. bo no doubt as to the originality and tho importance of 
their invention. Mr. Tylor states that ho was iufomod by 
the son of Eichard Eeynolds that the wrought iron made at 
Coalbi'ookdale by the Crauoge process ‘ ‘ was very good, quite 
lough, and broke with a long, bright, fibrous fracture : that 
made by Coit aXteiwaids was quite different.”* Though 
Mr. Eeynolds'a generosity to tho Craneges is apparont in 
the conrso which he adopted in securing fur them a patent 
for the invention in their own names, it does not appear 
to have proved of much advantage to them; and they 
failed to rise above the rank which they occupied when 
their valuable discovery was patented. This, however, 
was no fault of Eichard Eojmolds, but was mainly attribut- 
able to tbe cirrumstauco of other inventious in a great 


* Mr. Trion on irctnl U'orA — lie- 
ports on the Paris Ejihibitim of ' S55. 
Pnit II. 1S2. We .'u-c iulbimcd bj 
Mr. Kqmolds of Coed-do, a gi-nndsoo 
of Jiicbni’d Beynolde, that “on further 
triale many difficidtiun civse. The 


j iHittnine of the Airii!ice.e were destroyed 
by llie hc.at, niid the quality of the iron 
varied. Still, by .a letter dated May, 
1767, it appears there had been eold 
of iron maae m the new way to the 
value of 2471. 14s. 6(f,” 
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measure superseding their process, and depriving them oi 
the benefits of tlioir ingenuity. 

Among the important improvements introduced by Mr. 
Reynolds wliiJe managing the Coalbrookdale "Works, was 
the adoption by him for the first time of iron instead 
of wooden rails in the tram-roads along which coal 
and iron were conveyed from one part of the works to 
another, as well as to the loading-places along the rivor 
Severn, lie obseiwed that the wooden rails soon Lecamc 
decayed, besides being liable to be broken by the heavy 
loads passing over them, occasioning much loss of time, 
interruption to business, and heavy expenses in repairs. 
It ooenrred to him that these inconveniences would bo ob- 
viated by tbe use of i-aUs of cast-iron ; and, having tried an 
Gxporiiuent with them, it answered so well, that in 1707 
the whole of the wooden rails wore taken up and replaced 
by rails of iron. Thus was the era of iron railroads fairly 
initiated at Coalbrookdale, and the exauipleof Mr. Bcjiiolds 
was shortly after followed on all the tramroads throughout 
the country. 

It is also worthy of note that the first iron bridge ever 
erected was oast and made at the Coalbrookdale Woi'ks— its 
projeotiofi as well as its erection being mainly duo to the 
skill and entoipriso of Abmhara Dai’by the third. When 
but a young man, he showed indications of that sagacity 
and energy in business which seemed to be hereditary in 
his family. One of the first things he did on arriving at 
man’s estate was to set on foot a scheme for throwing a 
bridgo across the Severn at Coalhrookdalo, at a point 
where tho banks were steep and .slippery, to accommodate 
the large population which had sprung up along both 
banks of the river. There were now thriving iron, brick, 
and pottery works established in tire parishes of Madeley 
and Broseley ; and tho old ferry on the Severn was found 
altogether inadequate for ready oommunicatiou between one 
hank and the other. The wont ot a bridge had long been 
felt, and a plan of one had been prepared during tbe life- 
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time of Abraham Darby tbo second ; but the project was sus- 
ponded at his doath. When lus son came of ago, ho rosol vod 
to take up his father’s dropped sohemo, and prosecute it to 
completion, which he did. Young Mr. Darby bocame lor’d of 
the manor of Madeloj' iu 1776, and was the owner’ of one-half 
of the ferry in right of his lordship. Ho was so fortunate 
as to find the owner of the other or Brosoley half of the 
fony equally anxious with himself to connect the two 
hanks of the river hy means of a bridge. The necessary 
powers were accordingly obtained from Parliament, and a 
bridge was authorized to bo built “of cast-iron, stone, 
brick, or timber.” A company was lormed for tbo purpose 
of oaiTying out the project, and the shares wore taken 
by the adjoining owners, Abraham Darby being the prin 
oipal subscriber.'* 

The eonstruotion. of a bridge of iron was an entirely new 
idea. An attempt had indeed been made at Lyons, in 
Franco, to construct snob a bridge more than twenty years 
before ; but it had entirely foiled, and a bridge of timber 
was erected instead. It is not knonm whether the Coal- 
btookdale masters had bear'd of that attempt; but, even if 
they bad, it could have been of no practical use to them. 


* Among the other snhecribei's were 
the Eer. htr. Hiurie, Mr. Jennin.i;^, 
tnd Mr. John 'Willdnsou, an active 
promoter of the scheme, who g-tve the 
eumpany tlie benefit of hie skill ami 
experience when it was determined to 
catuAvnctilw bridge af iron. Fev an 
acconnt of John Wilkinson see Lhes of 
the Engineers, Tol. ii. fij?, 350. in 
the description of tlic fiist iron bridge 
given iu that work we hnve, it aj)- 
pears, attributed xatber nioro credit to 
Ur. WilUnson than he is entitled to. 
Mr. Darby was the most active pro- 
xiater of the scheme, and hod the prin- 
oipal shfus in the design. Wilkinson 
neverthdess was a man of gient energy 
and originality, ncsidia being the 
bulldtr of the first iron sliip. he was 


the first to invent, for James Wiitt, ii 
machine tiint would boro n tolerably 
true cylinder. Ho afterwards esta- 
blished iron works in Franco, and 
AiHiur Young says, that " until thin 
well-known &gliah mannfnctiiror nr* 
rived, the Fvcw.h knew nothing of the 
art of casting cannon solid and then 
boring them ” ( Tratels in France, 4 to. 
ed. London, 1792, p. 90). Yet Eiig* 
bind had borrowed lier first cannoa* 
maker from Fiiuico in the person nf 
Peter Baude, ns described in chap. ill. 
Wilkinson is also said to have invented 
a kind of hot-blast, ia respect of which 
s'arious witnesses gave evidence on the 
trial of Nellson's patent in 1839 ; but 
tho invention does not appear to have 
been perfccled by him. 
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Mr. Piitclaard, an arcliiteot of Shrewsbury, was first em- 
ployed to prepare a design of the intended stmeture, which 
is still preseiwed. Although Mr. Pritchard proposed to 
introduce cast-iron in the aroh of the bridge, which was to 
be of 120 feet span, it was only as a sort of key, occu 23 ying 
but a few feet at the crown of the arch. This sparing use 
of cast iron indioates the timidity of the architect in dealing 
with the new material — his plan exhibiting a desire to 
effect a compromise between the tried and the untried in 
bridge-oonstruotion. But the use of iron to so limited an 
extent, and in such a pait of the stnicture, was of more 
than questionable utility j and if Mr. Pritchaid’s plan had 
been adopted, the problem of the iron bridge would still 
have remained unsolved. 

The plan, however, after having been duly considered, 
was eventually set aside, and another, with the entire arch 
of cast-iron, was prepared .under the auperintendenco of 
Abraham Darby, by Mr. Thomas Gregory, his foreman of 
pattern-makers. This plan was adopted, and anungemeuts 
were forthwith made for oanying it into effect. The abut- 
ments of the bridge wore built in 1777-8, during which 
the castings were made at the foundry, and the ironwork 
was Buooessfully erooted in the coui'se of three months. 
The bridge was opened for traffic in 1779, and proved a 
most serviceable structure. In 1788 the Society of Arts 
recognised Mr. Darby’s merit as its designer and erector 
by presenting him. with their gold medal ; and the model 
of the bridge is still to be seen in the collection of the 
Society. Mr. Hobert Stephenson has said of tlie shuoture ; 
“ If we consider that the manipulation of cast-iron was then 
completely in its infancy, a bridge of such dimensions was 
doubtless a bold as well as an original undertaking, and 
the efficiency of the details is worthy of tho boldness of the 
conception.” * Mr. Stephenson adds that from a defect in 
the construction the abutments were thrust inwards at the 


JS/uydlopeBiiia Sritamica, 8tb Art. "Iroo Bridge.’ 
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approaches and tlio ribs parfciallj fractured. Wo are, how- 
ever, infoimcd that this is a mistake, though it does appear 
that the apprehension at one time existed that such an 
accident might 2 )ossibly occur. 

To remedy the supposed defect, two small land arches 
wore, in the 3 ’oiir 1800, substituted for the stone approach 
on the Brosoley side of the bridge. While the work was 
in progress, Mr. Telford, the well-known engineer, carefully 
examined the bridge, and thus spoke of its condition at the 
time : — “ Tho great improvement of erecting upon a navi- 
gable river a bridge of east-iron of one arch only was finst 
jiut in practice near Cofidbrookdale. The bridge was 
executed in 1777 by Mr. Abi-aham Darby, and tho ironwork 
is now quite as perfect as when it was first put up. Draw- 
ings of this bridge have long been before the public, and 
have been much and justly admired.” * A Goalbrookdolo 
correspondent, writing in May, 1802, infoims us that "at 
tho present time the bridge is undergoing repair; and, 
special examination having been made, there is no appear- 
ance cither that the ahutments have moved, or that the ribs 
have been broken in the centre or are out of tbeir proper 
right line. There has, it is true, been a strain on the land 
arches, and on the roadway plates, which, however, tho 
main arch has been able effectually to resist." 

The bridge has now been in profitable daily use for 
upwards of eighty years, and has during that time proved 
of the greatest convenience to the ])o];)ulation of the dis- 
trict. So judicious was the scleolion of its site, and so 
groat its utility, that a thriving town of the name of Iron, 
bridge has grown up arouud it upon what, at tiie time of 
its erection, was a nameless part of "the waste of tho 
manor of Madeley.” And it is probable that the bridge 
will last for centuries to come. Thus, also, was the use of 
iron as an important material in bridge-building fairly 
initiated at Coalbrookdale by Abraham Darby, as the use 


• PuTX uBT, General View of Vie Jgrleulture «/ Shrep^ftire. 
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of iron rails was by Eicbard Itoyaolils. "Wo need scarcely 
add that since the invention and extensive adoption of 
railway locomotion, the employment of iron in varions 
fonns in railway and bridge structures has rapidly in- 
oreased, until iron has oome to be regarded as the voiy' 
sheet-anchor of the railway engineer. 

In the mean time the works at Goalbrookdale had become 
lai'gely extended. In 1784, when the government of the 
day proposed to lovy a tax on 2 )it-coal, Richard Reynolds 
sti-ongly urged upon Mr. Pitt, then Chancellor of the Ex- 
chequer, as well as on Lord Gower, afterwards Marquis ot 
Staffoi'd, the impolicy of such a tax. To the latter he 
rapresented that large capitals had been invested in the 
ii-on trade, which was with diflSoulty cairied on in the face 
of the competition with Swedish and Russian iron. At 
Coalbrookdale, sixteen “fire engines,” as steam engines 
wero first called, were then at work, eight blast-furnaces 
and nine forges, besides the air furnaces and milk at the 
foundry, which, with the levels, roads, and more than 
twenty miles of iron railways, gave employment to a very 
large number of people. “ The advancement of the iron 
trade within these few years,” said he, “ has been prodi- 
gious. It was thought, and justly, that the making of pig- 
iron with pit coal was a great acquisition to the country 
by saving the wood and supplying a material to manufac- 
tures, the production of which, by the consumption of all 
the wood tho country produced, was formerly unequal to 
the demand, and the nail trade, perhaps tho most cousidei'- 
able of any one article of manufactured iron, would have 
been lost to this oountiy had it not been found practicable 
to make nails of iron made with pit coal. We have now 
another process to attempt, and tliat is to malte lar iron 
with pit coal ; and it is for that purpose wo have made, or 
rather are making, alterations atDonnington Wood, Ketley, 
and elsewhere, which wo expect to complete in the present 
j-ear, but not at a less expense than twenty thousand pounds, 
which will he lost to us, and gained by nobody, if this tax 
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is laid upon our coals.” He would not, liowevor, have it 
understood, that ho sought for any protection for the home- 
inado iron, notwithstanding tlic lower prices of the foreign 
iirtiolo. “ ITrom its most imperfect state as pig-iron,” ho 
observed to Loitl Sheffield, “ to its highest finish in the 
regulating springs of a watch, wo have nothing to fear if 
the importation into each country should he periniLtcd 
without dnt 3 '." IVo need scarcely add that the subseqiront 
history of the iron trade abundantly justified these saga- 
cious anticipations of Ilichai'd Itoynolds. 

Ho was now far advanced in years. His business had 
prospered, his moans were ample, and he sought retire- 
ment. He did not desire to possess great wealth, which in 
his opinion entailed such seiious responsibilities upon its 
possessor ; and he hold that the accumulation of lai-go pro- 
perty was more to bo deprecated than desired. He thej-e- 
fore determined to give up his shares in the ironworks at 
Kotley to his sons 'William and Joseph, who continued to 
carry thorn on. William was a man of eminent ability, 
well versed in science, and an excellent mechanic. He in- 
troduced great improvements in the working of the coal 
and iron mines, employing new machinery for the purpose, 
and availing himself with much ingenuity of tho discoveries 
then being made in tho science of ohemistry. He was also 
an inventor, having been the first to employ (in 1788) 
inclined planes, consisting of parallel railways, to connect 
and work canals of different levels, — an invention errone- 
ously attributed to Fulton, but which the latter himself 
acknowledged to belong to William Eeynolds. In the first 
cliapter of his ‘Treatise on Canal Navigation,’ published 
in 1796, Fulton says ; — “ As local prejudices opposed the 
Duke of Bridgewater’s canal in tho first instance, prejudices 
equally strong as firmly adheied to tho principle on which 
it was constructed ; and it was thought impossible to lead 
one through a country, or to work it to any odvantago, 
unless by looks and boats of at least twentj'-five ions, till 
the genius of Mr. William Beynolds, of Ketley, in Shrop- 
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shire, stepped from the necnstomed path, amstnieled the 
fii'st inclined plane, and introdnoed heats of five tons. This, 
like the Duke’s canal, was deemed a visionary project, and 
particularly by his Grace, who was partial to locks ; yet 
this is also introduced into pincticc, and will in many 
instances supersede lock can*d.s.” Telford, the engineer, 
also gi'acefnlly aoknoAvledged the valuable assistance he 
received from 'William Reynolds in planning the iron 
aqueduct by means of which, tho EUesmere Canal was 
carried over the I'ont Gysylltau, and in executing the ne- 
cessary castings for the ]juipose at the Ketley foundiy. 

Tho future management of his extensive ironworks being 
thus placed in able hands. Bichard Beynolds finally left 
Coalbrookdalc in 1804, for Bristol, his native town, where 
ho spent the remainder of his life in works of charity and 
mercy. Hero we might leave tho subject, but cannot 
refrain from adding a few concluding words as to the moral 
characteristics of this traly good man. Though habitually 
religious, ho was neither demure nor morose, but cheerful, 
gay, and humorous. He took great interest in the plea- 
sures of the young peojde about him, and exerted himself 
in all ways to promote their happiness. Ho was fond of 
books, pictures, poetiy, and music, though the indulgence 
of artistic tastes is not thought becoming in tho Society 
to wliicli ho belonged. His love for the beauties of nature 
amounted almost to a passion, and when living at Ihe 
Bank, near Kelley, it was liis great delight in the summer 
evenings to retire with his pipe to a rm'ol seat command- 
ing a full view of tho 'Wrekin, the Ercall Woods, with 
Cader Idris and the Montgommyshire hills in tho distance, 
and watch the sun go down in the west in his glory. One© 
in every year he assembled a large party to spend a day 
with him on the Wrekin, and amongst those invited •were 
the piincipal clerks in the company’s employment, together 
with their families. At Madeloy, near Ooalbrookoale, where 
he bought a property, he laid out, for the express use of 
the workmen, oxtonsivo walks •through the woods on Lin* 
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coin Hill, commanding Loautiful views. They wore called 
“ The Workmon’s Walks,” and were a source of great ou- 
joyment to thorn and their families, especially on Sunday 
afternoons. 

When Mr. Eoynolda went to London on business, ho was 
accustt med to make a round of visits, on his way home, to 
places remarkable for their pioturesquo beauty, such as 
Stowe, Hagley Park, and the Leasowes. After a visit to 
the latter place in 1767, bo thus, in a letter to his friend 
John Maccappen, vindicated his love for the beautiful in 
nature : — “ 1 think it not only lawful hut expedient to cnl ■ 
tivate a disposition to he pleased willi the hcautin.s of 
nature, hy frequent indulgences for that purpose. I’ho 
mind, by being continually applied to the consideration of 
ways and means to gain money, contracts an indiffereney 
if not an insensibility to the profusion of beauties which 
the hcnevolent Creator has impressed upon every part of 
the raatoiial creation. A sordid love of gold, tlio po.sses- 
sion of what gold can purchaso, and the reputation of being 
rich, have so depraved the finer feelings of some iiion, 
that they pass through tho most delightful grove, filled 
with the melody of nature, or listen to tho murmurings of 
the brook in tho valley, with as little pleasure and with no 
more of the vernal delight which Milton descrihes, than 
they feel in passing through some obscure alloy in a town.” 

When in the prime of life, Mr. Roynolds was an excel- 
lent rider, performing all his joumeys on horseback. He 
used to give a Indiorous acoount of a raoe he once ran 
with another youth, each having a lady seated on a pillion 
behind him j Mr. Reynolds reached the goal first, but when 
he looked round be found that be bad lost his fair com 
panion, who had fallen off in the raoe 1 On anotlier oc- 
casion he had a hard run with Lord Thurlow during a 
visit paid by the latter to the Ketley Iron-Works. Lord 
Thurlow puUed up his horse first, and observed, laugh- 
ing, “I think, Mr. Reynolds, this is probably the first 
time that e\'er a Lord Chancellor rode a race with a 
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(J.uakQr ! ” But a strangur rennontro was one which bofel 
Mr. Eeynolds on Blackheath. Though lio clccliued Govera- 
ment orders for cannon, he seems to liave had a secret 
hankering after the “ pomp and circumstance ” of military- 
life. At all events ho -was present on Blackheath one day 
■when George III. was revio-wing some troops. Mr. Bcy- 
nolds’s horse, an old trooper, no sooner he.ml the sound of 
the trumpet thiin he started off at full speed, and jnade 
directly for the group of ofScers bofuro whom the h-oops 
wore defiling. Groat was the sui'prise of the Kijig when 
he saw the Quaker draw up alongside of him, but si ill 
greater, perhaps, was the confusion of the Quaker at finding 
himself in such company. 

During the later years of his life, while living at 
Bri.stol, his hand was in every good work; and it wa.s 
often felt where it -was not seen. For he carefully avoided 
(jstentiition, and profen-ed doing his good iu secret. Ho 
strongly disapproved of making charitahlo bequests by 
will, which he observed in many eases to have been the 
foundation of enormous abuses, Wt held it to bo the duty 
of each man to do all the xio^^ihle good that ho could 
daring his lifetime. Many were the instances of his 
princely, though at the time unknown, munificence. Un- 
willing to be recognised as the giver of largo sums, ho 
employed agents to dispense his anonymous benefactions. 
Ho thus sent 20,0001. to London to he distributed during 
the distress of 1795. He had four almoners constantly 
employed in Bristol, finding out cases of distress, relieving 
them, and presenting their accounts to him weekly, with 
details of the cases relieved. Ho searched the debtors’ 
prisons, and where, as often happened, deserving but unfor- 
tunate men were found confined for debt, he paid the 
claims against them and prooured their release. Such a 
man could not fail to ho followed -with hlo.ssings and gra- 
titude ; hut these he sought to direct to the Giver of all 
Good. " My talent,” said ho to a friend, " is the meanest 
of all talents — a little sordid dust; hut as the ilian in the 

n 
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parable wbo had but one talent was held accountable, I 
also am accounlablo for the talent that 1 possess, humble 
as it is, to the great Lord of all.” On one occasion the 
case of a poor orphan boy was submitted to him, whose 
l)arcnls, both dying young, had left him destitute, on 
which Mr. Eo 3 'no]ds generously offered to place a sum in 
tho names of trustees for his education and maintonauco 
until he could bo apprenticed to a busine.sa. Tho lady 
who represented the case was so overpowered by Ihe muni- 
fioenco of the act that she burst into tears, and, struggling 
to express her gratitude, concluded with — “ and when the 
dear child is old enough, 1 will teach him to thank his 
benefactor.” “ Thou must teaoh him to look higher,” inter- 
nipted lioj'nolds: “Do we thank the clouds for rain? 
When tho child grows up, teach him to thank Him who 
sendoth both the clouds and tho rain.” Eeynolds himself 
deplored his infirmity of temper, which was by nature 
hasty; and, as his benevolence was known, and appeals 
wore made to him at all times, seasonable and unseason- 
able, he sometimes met them with a shoi-p word, which, 
however, ho had scarcely uttered before he repented of it ; 
and he is known to have followed a poor woman to her 
home and ask forgiveness for having spoken hastily in 
answer to her application for help. 

This “ great good man” died on the 10th of September, 
1810, in tho 81 st j’ear of his age. At his funeral tho poor 
of Bristol were the chief mourners. Tho children of the 
benevolent societies which ho had munificently supported 
during his lifetime, and some of which ho had founded, 
followed his body to the grave. The proces.sion was joined 
bj' the clergy and ministers of all denominations, and by 
men of all classes and persuasions. And thus was Eiohard 
Beynolds laid to his rest, leaving behind him a name fiill 
of good odour, which will long be held in grateful remem- 
brance by the inhabitants of Bristol, 
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CHAPTER VI. 

TwYEHTioir OP Cast Steei. — BENJAinu Huhtsmah. 


‘‘ It mfiy fac livened thnt os cei’tninly ns the age of iion snpersedeJ thst 
of bronze, so will the ngo of steel I'eign ti-iumphnut over li-ou.” — HcPBr 
Besseupii. 

Aujourd'hiil In rdrclutien que demit nmener en Grnnds-Bretngne U 
mdmornble ddeoiiverte do Benjamin Huntsman cst tout a liiit nccomplie, 
ct chnqne jour ies eonsdquenees s'en feront plus viveraent sentir sur la 
continent.” — .Le Plav, Sitr la Fahricalion de fAcier cn Yorkshire. 


Ii’.ON, besides being used iu vimous forms as bar and cast 
iron, is also used in parious foiius as bar and cast steel ; 
and it is principally because of its many admirable quali- 
lios in these latter forms that iron maintains its supremacy 
over all the other metals. 

The process of converting iron into steel bad long been 
kno>vu among the Eastern nations before it was introduced 
into Europe. The Hindoos -were espooially skilled in tbo 
art of making steel, as indeed they are to this day; and it is 
supposed that the tools with which tbo I^yptians covered 
their obelisks and temples of porphyry and syenite with 
hieroglyphics wore made of Indian steel, as probably no 
other metal was capable of executing such work. The 
art seems to have been well known in Germany in the 
Middle Ages, and the process is on the whole very faith- 
fully described by Agrioola in his great work on Metal- 
lurgy.* England then produced veiy little steel, and was 
mainly dependent for its supply of the article upon the 
continental makers. 


^ AobicoIiA, De Ee Metaiiiea, Buzlv, 1621. 
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From an early period Slieffield became distinguished for 
its manufacture of iron and siool into various useful articles. 
Wo find it mentioned in the thirteenth centuiy as a place 
where the best an'owheads were made, — the Earl of Eioh- 
mond owing his success at the battle of Bosworth partly to 
their superior length, sharpness, and, finish. The manu- 
factures of the to'wn became of a more pacific character in 
the tbllowing centuries, during which knives, tools, and 
implements of husbandry became the leading articles. 

Chaucer’s reference to the ‘Sheffield tliwy tel’ (or case- 
knife) in his Canterbury Tales, written about the end of 
the fourteenth oentnr'y, sliows that the 2 dncc had then 
become Imown for its manufacture of knives. In 1575 we 
find the Earl of Shrewsbury presenting to his fiiend Lord 
Burleigh “ a case of Hallamshire whittells, being such 
fruites as his pore cuntrey affordeth with fame throughout 
the realme." Puller afterwards speaks of tiro Sheffield 
knives as “ for ooramon use of the country people,” and he 
cites an instance of a knave who cozened him out of four- 
jience for one when it was only worth a penny. 

In 1600 Sheffield became celebrated for its tobacco-box.es 
arid Jew’s-harps. The town was as yet of small size and 
population; for when a survey of it was made in 1615 it 
was found to contain rrot more than 2207 honsebolders, of 
whom ono-third, or 725, were “ not ablo to live without the 
charity of their neighbours: these are all begging poor.”* 
It must, however, have continued its manufacture of knives; 
for we find that the Inrifo with which Pelton stabbed tho 
Duke of Buckingham at Portsmouth in 1628 was traced to 
Sheffield. The knifo was left sticking in the duko’s body, 
and when examined was found to bear the Sheffield corpo- 
ration mark. It was ultimately ascertained to Iravo boon 
made by one "Wild, a cutler, who had sold the knife for 
touponeo to Pollon when recruiting in the town. 

At a still later period, tho manufacture of clasp or spring 


♦ The Uev. Joseph Hdsteh, Wstory of BallamaMre, 
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knives was introduced into Sheffield by Pleinish workmen. 
Hamson. says this trade was begun in 1050. The clasp- 
knife was commonly known in the North as a Joctcleg. 
Hence Bnrns, describing the famous article ti'easured by 
Captain Grose the antiquarian, says that — 

'■ It was a fauldlog/octe/ej^. 

Or lang-kttil gully 

the word being merely a corruption of Jacques de Liege, a 
famous foreign cutler, whoso knives were as well known 
throughout Europe as those of Eogers or Mappin are now. 
Scythes and sickles formed other branches of manufacture 
introduced by the Flemish artisans, the makers of the 
former principally living in the parish of Norton, thoso of 
the latter in Eckington. 

Many improvements were introduced from time to time in 
the material of which these articles were made. Instead of 
importing the German steel, as it was called, the Sheffield 
manufacturers began to make it themselves, principally 
from Dannemora iron imported fi'om Sweden. The first 
English manufacturer of the ariicle was one Crowley, a 
Newcastle man ; and the Sheffield makers shortly followed 
his example. IVe may hero briefly state that tbe ordinary 
method of preparing this valuable material of manuiacturcs 
is by exposing iron bars, placed in contact with roughly- 
granulated charcoal, to an intense heat, — ^the process lasting 
for about a week, more or less, according to the degree of 
carhonrzation required. By this means, what is called 
blistered steel is produced, and it furirishes the material out 
of which razors, fi.leB, knives, swords, and various articles 
of hardware are manufactured. A farther process is the 
manufiioturo of the metal thus treated into shear steel, hy 
exposing a fasciculus of the blistered steel rods, with sand 
scattered over them for tbe purposes of a flux, to tbe heat 
of a wind-fuiTiaoe until the whole mass becomes of a 
welding beat, when it is taken from tbe fire and drawn 
out undw" a forge-bammer, — the process of welding being 
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repeated, after wkioh tlio steel is reduced to the required 
sizes. The article called faggot steel is made after a 
somewhat similar process. 

But the most valuable form in which steel is now used 
in the manufactures of Sheffield is that of oast-steel, in 
which iron is presented in perhaps its very highest state 
of perfection. Cast-steel consists of iron united to carbon 
in an elastic state together with a small portion of oxygen ; 
whereas crude or pig iron consists of iron combined with 
carbon in a material state.* The chief merits of cast-stool 
consist in its possessing great cohesion and closeness of 
grain, with an astonishing degree of tenacity and flex- 
ibility, — qualities which lender it of the highobt value in 
all binds of tools and instruments where durability, polish, 
and fineness of edge are essential requisites. It is to this 
material that we are mainly indebted for the exquisite 
cutting inatmment of thesm-g6on,tho chisel of the sculptor, 
the steel plate on which the engraver practises his art, 
the cutting tools employed in die various processes of 
skilled haudioraft, down to the common saw or tho axo 
used by the baokwoodsman in levelling the primeval 
forest, 

The invention of oast-steel is duo to Benjamin Huntsman, 
of Atteroliffe, near Sheffield. M. Lo Play, Professor of 
Metallurgy in the Iloyal School of Minos of Prance, after 
making careful inquiiy and weighing all the evideneo on 
the subject, arrived at the conclusion that the invention 
fairly belongs to Huntsman. The French professor speaks 
of it as a “ memorable discovery,” made and applied with 
admirable perseverance ; and he claims for its inventor the 
distinguished merit of advancing the steel manufactures of 
Yorkshire to tho first rank, and powerfully oontrihuting to 
the establishment on a firm foundation of the industrial 
and commeroial supremacy of Great Britain. It is remark- 
able that a French writer should Lave been among the 


* II'JSHET, Paftrs on Iron and Ste^, 



Chap. YI. 


nis E.UILY LIFE. 


103 


first to direct public attentiou to the merits of this inventor, 
and to have first published the few facts known as to his 
history in a French Government Eeport, — ^showing the 
neglect which men of this class have heretofore received 
at home, and the much greater esteem in which they are 
held by soieutifio foreigners.'*^ Lo Play, in his enthusiastic 
admiration of the discoverer of so potent a metal as cast- 
stcel, paid a visit to Huntsman’s gi-ave in Attorcliffo 
Churchyard, near Sheffield, and from the inscription on 
his tombstone recites the facts of his birth, his death, and 
his brief history. With the assistance of his descendants, 
we are now enabled to add the following record of the life 
and labours of this remarkable but almost forgotten man. 

Benjamin Huntsman was bom in Lincolnshire in the 
year 1704. Ilia parents were of German extraction, and 
had settled in this country only a few years previous to 
his birth. The hoy being of an ingenious turn, was bred 
to a meobonical calling; and becoming celebrated for his ex- 
pertuoss in repairing clocks, ho eventually setup in hnsiness 
as a oloclc maker aud mender in the town of Doncaster. 
Ho also undertook various other kinds of metal work, such 
as the making and repairing of locks, smoko-jacks, roast- 
ing-jacks, aud other articles requiring mechanical skill. 
He was remarkably shrewd, observant, thoughtful, and 
practical ; so much so that ho came to be regarded os the 
“ wise man ” of his neighbourhood, and was not only con- 
sulted as to the repairs of machinery, hut also of the 
human frame. He practised surgery with dexterity, though 
after an empirical fashion, and was held in especial esteem 
as an oculist. His success was such that his advice was 
sought in many surgical diseases, atrd he was always ready 
to give it, but declined r-eceiving any payment in return. 


* M. I.e Piny’s two slaborate and 
admimble reparts on the manufooturo 
of steel, published in the Annales dcs 
Mines, toIs, iii, and ix,, 4tb series, 
are unique of their kind, and uve as 
yet no counterpart in Englidi litera- 


ture. They arc respectively entithsl 
‘ ildmoire sur InFahrication de r.tcier 
eu Yorkshire,’ and 'Mdmolrs snr Is 
Fabrication et le Commeree des Fees i 
Acior dans le Nerd do I’Eainpe.* 
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In tlio oxeixiso of his moohanical calling, he intvoduood 
several improved tools, but was nuwli liindeied by iLo 
inferior quality of tho metal supplied to him, which was 
common Gorman stool. Ho also experienced considerable 
difficulty in finding a material suitable for tho springs and 
pendulums of his cloolw. These circumstances induced 
him to turn his attention to the making of a better kind c£ 
steel than was then procurable, for tho puiqioses of his trade. 
His fii'st experiments were conducted at Doncaster ; * but 
as fuel was difScult to bo had at that place, ho doter- 
mined, for greater convenicnco, to remove to tho iieighbour- 
iiood of Sheffield, which ho did in 1740. He first settled 
at Handsworth, a fow miles to the south of that town, and 
there pursued his investigations in secret. Unfortunately, 
no records have been preserved of the methods which ho 
adopted in overcoming the difficulties ho had necessarily 
to encounter. That they must have been great is certain, 
for tho process of manufacturing cast-steel of a first-rale 
quality even at this day is of a most elaborate and delicate 
character, requiring to be carefully watched in its various 
stages. He had not only to discover the fuel and flux 
suitable for his purpose, Jmt to build such a furnace and 
make such a crucible as should sustain a heat more in- 
tense than any then known in metallurgy. Jngot-moulds 
had not yet been cast, nor were there hoops and wedges 
made that would hold them together, nor, in shoi-t, were 
any of those materials at his disposal which are now so 
familiar at every melting-furnace. 

Huntsman’s experiments extended over many years be- 
fore tho desired result was achieved. Long after his deatli, 
the memorials of the numerous failui-es through -which he 


* There are sertral cIocli!i iitill in 
existence in the Deighhourhoocl of 
Doncastei- nwdc by Benjamin Ilunts- 
omD ; and there is one in the posses- 
sion of his grandson, with a pendulum 
made of rast-steol. flic maiiii&stqre 


of a pendulum of suoli a raateri.il at 
tiint early date is certainly curious; 
its still perfect spring and elasticity 
showing tho scrupulous caie uiqi 
which •; hi;d t'fu tnt|de. 
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toilsomely worked, his way to sucocss, wore brought to light 
in the shape of many hundredweights of steel, found buried 
in the earth in different places about his manufactory. 
From the number of the.sc wrecks of early experiments, it 
is clear that he had worked continuously upon his grand 
idea of purifying the raw steel then in use, by melting it 
with fluxes at an intense heat in closed earthen cincibles. 
The hnried masses were found in various stages of failure, 
arising from imperfect melting, breaking of crucibles, and 
hud fluxes ; and had been hid away as so much spoiled steel 
of which nothing could be made. At last his persovejunco 
was rewarded, and his invention perfected; and though 
a hundred ycara have passed since Huntsman’s discovery, 
the description of fuel (coke) which he firat applied for 
the purpose of melting the steel, and the crucibles and 
furnaces wbich ho used, are for the most part similar to 
those in use at the present day. Although the making 
of cast-steel is conducted with gieater economy and dex- 
terity, owing to increased experience, it is questionable 
whether any maker has since been able to suipass the 
quality of Huntsman’s manufacture. 

The process of making oast-steel, as invented by Benjamin 
Huntsman, may be thus summarily described. The melt- 
ing is conduoted in clay puts or oruuihles manufactured 
fur the pui'pose, capable of holding about 34 lbs. each 
Ten or twelve of such cnioihles are placed in a melting 
fuimace similar to that used by brass foundera ; and when 
the funiace and pots are at a white heat, to which they 
aro raised by a coke fire, they are charged with bar steel 
reduced to a certain degree of hardness, and broken into 
pieces of about a pound each. When tho pots are all 
thus charged with steel, lids aro placed over them, the 
furnace is filled with coke, and the cover imt down. 
Under the intense heat to which tho mettd is exposed, it 
undergoes an apparent ebullitiou. When the fmnace re- 
quires feeding, ie workmen take the oiiportunity of lift- 
ing the lid of each crucible and judging howfiir the process 
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has advanced. After about three hours’ exposure to the 
heat, the metal is ready for “ teeming,” The completion 
of the melting process is known by the subsidence of all 
ebullition, and by the clear surface of the melted metal, 
which is of a finagling brillianoy like the sim when looked 
at with the naked eye on a clear day. The pots ore then 
lifted out of their place, and the liquid steel is poured into 
ingots of the shape and size required. The pots are re- 
placed, filled again, and tho process is repeated ; the rod- 
liot pots tlius serving for three successive charges, after 
which they are icjootcd as useless. 

When Huntsman had perfected his invention, it would 
jiaturaJly occur to him that tho now metal might bo em- 
ployed for other purposes besides clock-springs and pen- 
dulums. The husiuess of clock-making was then of a very 
limited character, and it could scarcely have been worth 
his while to pursue so extensive and costly a scries of 
experiments merely to supply the requirements of that 
trade. It is more probable that at an early stage of his 
investigations ho shrewdly foresaw the extensive uses to 
which cast-steol might he applied in tho manufacture of 
tools and cutlery of a superior kind ; and we accordingly 
find him early endeavouring to persuade tho manufacturers 
of Sheffield to employ it in the manufacture of knives and 
razors. But the cutlers obstinately refused to work a 
material so much harder than that which they had been 
accustomed to use ; and for a time he gave up all hopes of 
creating a demand in that quarter. Foiled in his endeavours 
to sell his steel at home, lluntsmau turned his attention to 
foreign markets ; and ho soon found he could readily sell 
abroad all that ho could moke. The merit of em2)l()ying 
cast-steel for general purposes belongs to the French, 
always so quick to aiiprociate tho advantages of any now 
ilisooverj', and for a time the whole of the cast-steel that 
Euntsman could manufacture was exported to France. 

When he had fairly established his husiness with that 
country, the Sheffield outlera became alarmed at the ro- 
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putatioii wliicli cast-steel was acquiring abroad ; aad wliou 
they heard of the preference displayed by English as well 
as French consumers for the outleij’’ manufactured of that 
metal, they readily apprehended the serious conscquence.s 
that must necessarily result to their own trade if cast- 
steel came into general use. They then appointed a de- 
putation to wait upon Sir George Savilc, one of the mem- 
bers for the county of York, and requested him to use 
his influence with the government to obtain an order to 
prohibit the exportation of cast-steel. But on leamiug 
from the deputation that the ShefSeld manufactni-ors thom- 
selvos wordd not make use of the new steel, ho positively 
declined to oomply with their request. It was indeed 
fortunate for the interests of the town that the object of the 
deputation was defeated, for at that iime Mr, Huntsman 
had very pressing and favonrable oftera from some spirited 
manufacturers in Birmingham to remove his furnaces to 
that place; and it is extremely probable that had the 
business of cast-steel making become establiidied there, one 
of tho most important and lucrative branches of its trade 
would have been lost to the town of ShefBeld. 

The Sheffield maker's 'were thtn'cforc under the necessity 
of using the cast-steel, if they would retain their trade in 
outioryj^ainst France ; and Huntsman’s home trade rapidly 
increased. And then began the efforts of tbe Sheffield 
men to wrest his secret from him. For Huntsman had not 
taken out any patent for his invention, his only protection 
being in preserving Lis process as much a mystery as 
possible. All tire workmen employed by bim were pledged 
to inviolable secrecy; strangers were carefully excluded 
from the works; and tho whole of the steel made was 
melted during tho night. There were many speculations 
abroad as to Huntsman’s process. It was generally believed 
that his secret consisted in tho flux which he employed 
to make the metal melt more readily; audit leaked out 
amongst the workmen that he used broken bottles for tho 
purpose. Some of the manuffioturers, who by prying and 
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bribing got an inkling of tlio procoas, followed Iluntaman 
implicitly in this respect ; and they would not allow theit 
own. ■workmen to flux the pots lest they also should obtain 
possession of the secret. But it turned out eventually that 
no such flux was necessary, and the practice has long since 
been discontinued. A Frenchman named Jars, frequently 
quoted by Le Play in his account of the manufacture of 
steel in Yorkshire,* paid a visit to Sheffield towards the 
end of last century, and described the process so far as he 
was pei'milted to examine it. According to his statement 
all kinds of fi-agments of broken steel were used ; but this 
is corrected by Le Play, who states that only the best bar 
steel manufactured of Dannemora iron was employed. 
Jars adds that “ the steel is put into the crucible with a 
Hux, the composition of which is kept secret j" and he 
states that the time then oooupied in the conversion was 
five hours. 

It is said that the person who fii'st succeeded in copying 
Huntsman’s process was an ironfounder named Walker, 
who carried on his hiisiness at Greensido near Sheffield, 
and it was certainly there that the making of cast-steel 
■was next begun. Walker adopted the “ ruse ” of disguising 
himself as a tramp, and, feigning great distress and ahject 
poverty, he appeared shivering at the door of Hnntsman’s 
fonndiy late one night when the workmen wore about to 
begin their labours at steel-casting, and asked for admission 
to wai-m himself by the furnace fire. The workmen's 
heaids were moved, and they permitted him to enter. We 
have the above facts from the descendants of the Huntsman 
family ; but wo odd the ti’aditional story prosorvod in the 
neighbourhood, as given in a well-known hook on metal- 
lurgy;— 

“ One cold winter’s night, while the snow was falling 
in heavy fiakes, and the manufactory threw its red glare oi 
light over the neighbourhood, a person of the most abject 


* jlmales ties Mm, vols. iii, awl u., 4th Seriaa. 
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appearance presented himself at the entrance, pi-ajtng for 
permission to share the wai-mth and shelter which it 
afforded. The humane ■workmen found the appeal iire- 
sistihle, and the apparent beggar was permitted to take up 
his quarters in a warm comer of the building. A careful 
scrutiny would have discovered little real sleep in the 
drowsiness which seemed to overtake the stranger ; for he 
eagerly watched every movement of the workmen while 
they went through the operations of the newly discovered 
process. He observed, first of all, that bars of blistered 
steel were broken into small pieces, two or three inches in 
length, and placed in crucibles of fii-e eday. When nearly 
fiill, a little green glass broken into small fragments was 
spread over the top, and the whole covered over ■with a 
closely-fitting cover. The crucibles were then placed in a 
furnace previously prepared for them, and after a lap.'se of 
from three to four hours, during which the cmoibles were 
examined from time to time to see that tho metal was 
thoroughly melted and incorporated, the workmen pi’O- 
ceeded to lift tho crucible from its place on tho furnace by 
means of tongs, and its molten contents, blazing, sparkling, 
and spurting, were poured into a mould of cast-iron pre- 
viously prepai’ed : here it was suffered to oool, while file 
crucibles were again filled, and tho process repeated. 
When oool, the mould was unscrewed, and a bar of oast- 
steel presented itself, rvhich only required tho aid of the 
hammerman to foi^m a finished bar of cast-steel. How the 
unauthorized spectator of the.so operations effected his 
escape without detection tradition does not say ; but it 
tells us that^ before many months had passed, the Hunts- 
man manufactory was not the only one whore cast-steel 
was produced.” • 

However the facts may ha, the discovery of the elder 
Huntsman proved of the greatest advantage to Sheffield ; 

* The TTacfvi Metab and their sttd maUng will be foud tuHy dfr 
Aihi/s (p. S48), an excellent little ecribed. 
vork, in which the procees nf ease- 
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for thoro is soaroely a civilized country Avhore Sheffield 
steel is not largely used, oitlier in its mofit higlily tiiiislied 
forms of cutlery, or ns tlio raw material for some homo 
manufacture. In the mean time tlie demand for Hunts- 
man’s steel steadily ima'casod, and in 1770, for the purpose 
of obtaining greater scope for his operatioiw, he removed 
to a large new maiiufactoiy which ho oreoted at Atlerolifl’e, 
a little to the north of Sheffield, more conveniently situated 
for business purpose.s. There he uontinuod to flourish for 
six years more, making steel and practising bcnovolenoo; 
for, like the Darbys and Bejmoldses of Coalbrookdale, ho 
was a worthy and higlily respected member of the Sooiety 
of Friends. He was well versed in tho science of his day, 
and skilled in chemistry, which doubtless proved of ginat 
advantage to him in pursuing his experiments in metal- 
lurgy.* That be was possessed of groat perseverance will 
be obvious from tho difficulties he encountered and over- 
came in peifooting his valuable invention. He was, how- 
ever, like many persons of strong original character, 
eccenti'ic in his habits and reserved in his manner. Tho 
Royol Society wished to enrol him as a member in ac- 
knowledgment of the high merit of his discovoiy of cast- 
steel, as well as booauso of his sldll in practical chemistiy ; 
but as this would have drawn him in some measure from 
hi.s soclusiou, and was also, as ho imagined, opposed to tho 
lirinciples of the Society to which ho belonged, ho declined 
the honour. Mi'. Huntsman died in 1776, in his seventy- 
second year, and was buried in the chnrohyard at Atter- 
cliffe, whei'o a gravestone with an inscription marks liis 
resting-jilace. 

His son continued to cany on tho business, and lai’gely 
extended its operations. Tho Huntsman mark became 
known throughout the oivHised world. Lo Play, the 
Th'enoh Professor of Metallurgy, in his Mmmre of 1846, 


* We are inroimeil that a mirror is Huntemaa in the duye of hia ea>b 
tiill preserved at Atterdifih, made by experimenia. 
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still speaks of llio cast-steel bearing the mark of “ llunls- 
man and Marshall” ns the best that is made, and ho adds, 
“ the buyer of this article, who pays a higher price for it 
than for other sorts, is not acting merely in the blind spirit 
of routine, but pays a logical and well-deserved homtige 
to all the material and moral tiunlities of which the 
true Hunisman mark has boon the guarantee for a cen- 
tuiy.” * 

Many other large fims now compete for their share of 
tho trade ; and the extent to which it hns grown, the num- 
ber of furnaces constantly at work, and the quantity of 
steel cast into ingots, to be tilted or rolled for the various 
purposes to which it is applied, have rendered Sheffield the 
gi'oateat laboratoiy in tho world of this valuable material. 
Of the total quantity of cast-steel manufactured in Eng- 
land, not less than five-sixths are produced there; and the 
faoilitios for experiment and adaptation on tho spot have 
enabled tho Sheffield steel-makers to keep the load in tho 
manufacture, and surpass all others in the peifection to 
which they have carried this imijortant branch of our 
national industry. It is indeed a remai’kable fact that this 
very town, which was formerly indebted to Styria for the 
steel used in its manufactures, now exports a material of 
its own conversion to the Austrian forges and other places 
on the Continent from which it was before accustomed to 
draw its own supplies. 

Among the improved processes invented of late years 
for tho maniifaoture of steel ore those of Heath, ^Inshct, 
and Bessemer. The last promises to effect before long an 
entire revolution in tho iron, and steel trade. By it the 
crude metal is converted by one simple process, directly 
as it comes from tlie hlast-fiimace. This is effected by 
driving through it, while still in a molten state, several 
streams of atmospheric air, on which the carbon of the 
crude iron unites with the oxygen of the atmosphere, tho 


* Annales <les i/uifls, vol. li., 4th S-i-fca, 206. 
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tomperatui’o is gveatly raised, and a violent cbnllition 
takes place, during wLidh, if the process bo continued, that 
part of the carbon which appears to be mechanically nii.\od 
and diffused through the crude iron is entirely consumed. 
The metal becomes thoroughly cleansed, the slag is ejected 
and removed, while the sulphur and other volatile matters 
are driven off ; the result being on ingot of malleable iron 
of the quality of charcoal iron. An important feature in 
the process is, that by stopping it at a particular stage, 
immediately following the boil, before the whole of the 
Carbon has been abstracted by the oxj’gcn, the crude iron 
will be found to have passed into the condition of cast- 
steel of ordinary quality. By continuing the process, the 
metal losing its carbon, it passes from bard to soft steel, 
thence to steely iron, and last of all to very soft iron j so 
thatbyinteiTupting the process at any stage, or continuing 
it to the end, almost any quality of iron and stool may be 
obtained. Ono of the most valuable forms of the metal is 
described by Mr, Bessomor as “semi-Bteol,” being in hard- 
ness about midway between ordinary cast-steel and soft 
malleable iron. The Bessemer prooes-scs are now in full 
operation in England as well ns abroad, both for converting 
oi’udc into malleable iron, and for producing steel ; and tlie 
results are expected to prove of the gi-eatcst practical utility 
in all oases where iron and steel are extensively eundoyccl. 

Yet, like every other invention, this of Hr. Bessemer 
had long boon drciuut of, if not really made. Wo are in- 
formed in Warner’s Tour through tho Kortliorn Counties of 
England, published at Bath in 1801 , that a Mr. Iteed of 
Whitehaven had succeeded at that caiiy period in making 
steel direct from tho ore ; and Mr. Mnslict clearly alludes 
to the process in his “ Papera on Iron and Steel." Never- 
theless, Mr. Bessemer is entitled to the merit of woi'king 
out the idea, and bringing the process to perfection, by 
his great skill and indomitable perseverauco. 

In the Heath process, carburet of inanganosc is employed 
to aid Iho conversion of iron into steel, while it also con 
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iors on the metal the property of welding and worlting 
more soundly under the hammer — a fiiot discovered hy 
Mr. Heath while residing in India. Mr. Miishct’s process 
is of a similar character. Another inventor, Major Uchatius, 
an Austrian engineer, granulates crude iron while in a 
molten state by pouring it into water, and then subjecting 
it to the process of conversion. Some of the manu&otiirer.s 
still affect seoreoy in their operations; but us one of tho 
Sanderson firm— famous for the exoellenco of their steel — 
remarked to a visitor when showing him over their works, 
“tho great secret is to have the com-age to be honest — a 
spirit to purchase the best material, and tho means and 
disposition to do justice to it in the manufacture.” 

It remains to be added, that much of the success of tho 
ShofSeld manufactures is attributable to the practical skill 
of tho workmen, who have profited bj' tho accumulated 
experience treasured up by their class through many gene- 
rations. The results of the innumerable experiments con 
ducted before their eyes have issued in a most valuable 
though unwritten code of practice, the details of which 
are known only to themselves. They are also a must 
laborious class ; and Le Play says of them, when alluding 
to the fact of a single workman superintending the opera- 
tions of three steel-casting furnaces — “ I have found no- 
where in Europe, except in England, workmen able for an 
entire day, without any interval of rest, to undergo such 
toilsome and exhausting labour as that performed by these 
ShofHeld workmen." 
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CHAPTEE Vll. 

The Intentions of Hbnby Cost. 


" I bave always fuimd it in raise own experience an easier matter to 
devise mania and profitiihle inrenfions, than to dispose of one of them to 
the good of the author himself .” — Sir Hugh Platt, 1589. 


Henry Cobt was born in 17-1-t) at Lancaster, whore liia 
father carried on the trade of a builder and brickmaker, 
Nothing is known as to ITenry’s early bistoiy; but lio 
seems to have iniscd himself by his own eft'orts to a inspect- 
able position. In 1705 wo find him established in Surrey 
Street, Strand, carrying on the business of a navy agent, in 
which he is said to have realized oonsidorable profits. 
It was while conduoting this business that he became 
aware of the inferiority of British iron compared with that 
obtained from foreign countries. The English wrought 
iron was considered so bad that it was prohibited from all 
government snpplies, while the oast iron was considered of 
too brittle a nature to he suited for general use. * Indeed 
the Russian goveniraent became so persuaded that the 
English nation could not caaay on their manufaetures 
ivithout Russian iron, that in 1770 they ordered the price 
to ho raised from 70 and 80 copeos per pood to 200 and 
220 copecs per pood.'j' 

Such being the case, Oort’s attention booame direotod to 
the subject in connection with the supply of iron to the 
Navy, and he entered on a series of experiments with the 
object of improving the manufeotnre of English iron. "What 
the partioulai' experiments were, and by wliat steps he 
arrived at results of so much importance to the British iron 


* Lift tf Brvmt, p. SO. t Scbivehob, Hittory of tlrt IfM 2Va*, 169, 
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trade, no ono can now loll. All that is known is, lliat about 
the year 1775 he relinquished his business as a navy 
agent, and took a lease of certain promises at Fontley, neat 
Fareham, at the north-western corner of Portsmouth Har- 
bour, where he erected a forge and an iron mill. He was 
afterwards joined in partnership by Samuel JelUcoe (son 
of Adam Jellicoe, then Deputy-Paymaster of Seamen’s 
Wages), which turned out, as will shortly appear, a UKeit 
unfortunate conneotiou for Cort, 

As in the case of other inventions, Cort toot up the 
manufacture of iron at the point to which his predecessors 
had brought it, carrying it still further, and improving 
upon their processes. Wo may here briefly recite the 
steps by which the mannfactni-e of bar-iron by means of 
pit-coal had up to this time been advanced. In 1747, 
Mr. Ford succeeded at Goalbrookdalo in smelting iron ore 
with pit-coal, after which it was refined in the usual way 
by means of coke and charcoal. In 1762, Dr. Eoebuck 
(hereafter to bo referred to) took out a patent for melting 
the oast or pig iron in a hearth heated with pit-coal by 
tho blast of bellows, and then working the iron until it 
was reduced to nature, or metallized, as it was termed; 
after which it was exposed to the action of a hollow pit- 
coal fir-o urged by a blast, until it was reduced to a loop 
and ' drawn out into bar-iron under a common forge- 
hammer. Then the brothers Cranege, in 1760, adopted 
the reverberatory or air furnace, in which they placed 
the pig or cast iron, and without blast or the addition of 
anything more than common raw pit-coal, converted the 
same into good malleable iron, which being taken red hot 
from the reverberatory furnace to the forge hammer, was 
drawn into bars according to the will of the workman. 
Peter Onions of Meithyi' Tydvil, in 1783, carrie<l the 
manufacture a stage further, as described by him in his 
patent of that year. Having charged his furnace (“ bound 
with iron work and well annealed”) with pig or fused cast 
inm from the smelting furnace, it was dosed np and the 

t 2 
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doors were luted vrith sand. The fire was urged by a 
blast admitted undemeatb, apparently for the puipose of 
keeping up the combusHon of the fuel on the gjute. Thus 
Onions’ furnace was of the nature of a puddling furnace, the 
fire of which was urged by a blast. The fire was to be kept 
up until the metal became less fluid, and “thickened into 
a Irind of froth, which the workman, by opening the door, 
mnst turn and stir with a bar or other iron instrument, 
and then close the aperture again, applying the blast and 
fire until there was a feiment in the metal.” The patent 
further describes that “as the workman sthu the metal,” 
the Bcorim will separate, “and the pai-tioles of iron will ad- 
here, which particles the workman must collect or gather 
into a mass or lump.” This mass or lump was then to be 
raised to a white heat, and forged into malleable iron at 
the forge-hammer. 

Such was the stage of advance reached in the manufac- 
ture of har-ii'on, rvhen Hcniy Cort published his patents 
in 1783 and 1784. In dispensing with a blast, ho had 
been anticipated by the Craneges, and in the process of 
puddling- by Onions ; but he introduced so many im- 
provements of an original chamoter, with which he com- 
bined the inventions of his predecessors, as to establish 
i^uito a new era in the history of the iron manufacture, and, 
in the course of a few years, to raise it to the highest state 
of prosperity. As early as 1786, Lord Sheifiold recognised 
the great national importance of Oort’s improvements in 
the following words : — " If Mr. Oort’s very ingenious and 
meritorious improvements in the art of making and work- 
ing iron, the steam-engine of Boulton and Watt, and Lord 
Dundonald’s discovery of making coke at half the present 
price, should all succeed, it is not asserting too mnoh to 
say that tho result will be more advantageous to Great 
Britain than the possession of the thirteen c ol o nies (of 
America) ; for it will give the complete command of tho 
iron trade to this country, with its vast advantages to na- 
vigation.” It is scarcely necessaiy here to point out how 
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completely tlio antwjipoliona of Lord Sheffield have been 
fulfilled, sanguine though they might appear to he -when 
uttered some seventy-six years ago.* 

We •will endeavour as biiefly as possible to point out the 
important character of Mr. Oort’s improvements, as em- 
bodied in his two patents of 1783 and 178'i. In the first 
he states that, after “ groat study, labour, and expense, in 
trying a variety of experiments, and making many dis- 
coveries, he had invented and brought to perfection a 
peculiai' method and process of iircparing, welding, and 
working various sorts of iron, and of rednoing the same 
into uses by machinery ; a furnace, and other apparatus, 
adapted and applied to the said process.” lie first de- 
scribes bis method of making iron for “ largo uses,” such 
us shanks, arms, rings, and palms of anchors, by the method 
of piling and faggoting, since become generally practised, — 
by laying bars of iron of suitable lengths, forged on purpose, 
and tapering so as to be thinner at one end than the other, 
laid over one another in the manner of bricks in buildings, 
so that the ends should everywhere overlay each other’. 
The faggots so prepared, to the amormt of lialf a ton more 
or less, were then to he put into a common air or balling 
furnace, and brought to a -welding heat, which was ac- 
complished hy his method in a much shorter time than 
in any hollow fire ; and when the heat was perfect, the 
faggots were then brought under a forge-hammer of great 

* Altboligli the iron niaimlhutme W. Wilkiu'^Dii, iliteJ bet:. S.', 1791, 
h;ul gmdnnUy been uicreasiug siace the contained in the momomndanr-book o( 
middle of the century, it was .ns yet Wm. lieynolds of Coalbroukdale, thnt 
componitircly insignidcaiit in amount, the produce in England and Scotlanil 
Thus we find, from a statement by was then estimated to be— 

Coke Fnnaeas. Charcoal Fumaces. 

In England 73 piodudag 67,S48 tons 30 proiinclng 8S00 tons. 

V .1 a .• A wn .ann A w.lAA 


iiiScotlimd 32 „ 12,480 „ 2 „ 1000 ,, 

SS „ 80.028 „ 22 „ 9300 „ 


At the same time the annual im- of bars and slabs fiont liossia about 
.ort of Oregrounds iron horn Sweden 50,000 tons, at sn avsesgecast of 85f. 
smountod to about 20,000 tons, sui'l a Ion ! 
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size and weiglit, and welded into a solid mass. Jlr. Cort 
alleges in the specification that iron for “ larger uses ” thus 
fiui.shod, is in all respects posse.ssed of the highest degree 
of perfection ; and that the firo in tho hailing furnace is 
hotter suited, from its regularity and penetrating qualitj', 
to give the iron a poi"feot welding heat throughout its 
whole mass, without fusing in any part, than any firo 
hlown by a blast. Another process employed bj” Hr. Cort 
for tho pnipose of cleansing the iron and producing a metal 
of purer grain, was that of working tho faggots by passing 
them through rollers. “ By this simple process,” said ho, 
“all the earthy particles are pressed out and Iho ii-on 
becomes at once free from dross, and what is usually 
called cinder, and is compressed into a fibrous and tough 
state.” The objection has indeed been taken to the process 
of passing tho iron through, rollers, that the cinder is not 
so effeotttally got rid of as by passing it under a tilt ham* 
jner, and that much of it is squeezed into the bar and 
I'emaius there, interrupting its fibre and impairing its 
strength. 

It does not appear that there was any novelty in tho use 
of roUera by Cort; for in his first speoification ho Ej)caks of 
them as already well known.* His great merit consisted 
in apprehending the value of certain processes, as tested by 
his own and others' experience, and combining and applying 
them in a more ofiectivo practical fonn than had ever been 
done before. This power of apprehending the best methods, 
and embodying the details in one complete whole, marks 
the practical, clear-sighted man, and in certain cases 
amonnte almost to a genius. Tho merit of combining the 


* “ It is mtBrial to obsei-vc,” says 
Mr. Webster, “ that Cort, ia this 
speeiiimtion, speaks of the rolleis, fui<- 
oiiees. Olid separate processes, as rrell 
known. There is no chim to .my of 
them separ-atsly; the claim is to tlte 
Inducing of the faggots of piled iron 


Into bara, and the welding of siieli 
bars by voUers instead of by forge- 
hammers.” — ^Memoii- of Henry Cort, 
in Mfohani<ft Magazine, 15 July, 
1859, by Thomas 'VVclBter, M.A., 
F.li.S. 
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inventions of others in suoh fonns as that they shall work 
to advantage, is as great in its way as that of the man 
who strikes ont the inventions themselves, but who, for 
want of taot and experience, cannot cany them into prao- 
tical effect. 

It was the same with Oort’s second patent, in which ho 
described his method of mannfacturing bar-iron from the 
ore or from cast-iron. AH the several processes therein 
described had been practised before his time; his merit 
chiefly consisting in the skilful manner in which he com- 
bined and applied them. Thus, like the Oraiieges, he em- 
ploj^ed the reverberatory or air furnace, without blast, and, 
like Onions, he worked the fused metal with iron bars 
uutil it was brought into lumps, when it was removed and 
forged into malleable iron. Cort, however, carried the 
process further, and made it more effectual in all lospeots. 
His method may be thus briefly described : the bottom of 
the leverheratory furnace was hollow, so as to contain the 
fluid metal, introduced into it by ladles ; the heat being 
kepi up by pit-coal or other fliel. When the furnace was 
charged, ^e doors were closed until the metal was sufS- 
oiently fiised, when the workman opened an aperture and 
worked or stirred about the metal with iron bars, when an 
ebullition took plaoe, during the continuance of which a 
bluish flame was emitted, the carbon of the cast-iron was 
burned off, the metal separated from the slag, and the iron, 
becoming reduced to natur’e, was then oolleoted into 
lumps or loops of sizes suited to their intended uses, when 
they were drawn out of the doors of the furnace. They 
were then stamped into plates, and piled or worked in an 
air furnace, heated to a white or welding heat, diingled 
under a forge hammer, and passed through the grooved 
roller's after the method described in the first patent. 

The processes described 1^ Cort in Lis two patents have 
been followed by iron manufeoturers, ■with various modifi- 
cations, the results of errlarged esperdcnco, down to the pre- 
sent time. After the lapse of seventy-eight years, the Ian- 
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guage employed Ly Oort continues on tlio whole a faithful 
description of the processes still practised: the same 
methods of manufacturing bar from cast-iron, and of pud- 
dling, piling, welding, and working the bar-iron through 
grooved rollers — all are nearly identical with the methods 
of manufacture perfected by Henry Cort in 1784. It may 
1)0 mentioned that the development of the powers of the 
steam-engine by Watt had on extraordinary effect upon the 
production of iron. It created a.largely increased demand 
for the article for the purposes of the shafting and machinoiy 
which it was employed to drive ; while at the same time it 
cleared pits of water which before were unworkable, and 
by being extensively applied to the blowing of iron-furnaces 
and the worldng of the rolling-mills, it thus gave a still 
further impetus to the manufacture of the metal. It would 
be beside our purpose to enter into any statistical detail on 
the subject ; but it will be sufficient to state tlmt the pro- 
duction of iron, which in the early part of last century 
amounted to little more than 12,000 tons, about the middle 
of the century to about 18,000 tons, and at the time of 
Oort’s inventions to about 90,000 tons, was found, in 1820, 
to have increased to 400,000 tons ; and now the total quan- 
tity produced is upwards of foui- millions of tons of pig- 
iron every year, or more than the entire production of all 
other European countries. There is little reason to doubt 
that this extraordinary development of the iron mauufactnre 
has been in a great measure due to the inventions of Henry 
Cort. It is said that at the present time there are not 
fewer than 8200 of Cert’s furnaces in operation in Great 
Britain alone.* 

Praotical men have regarded Cort’s improvement of the 
process of rolling the iron as the most valuable of his in- 
ventions A competent authority has spoken of Cort’s 
grooved rollers as of “ high philusophioal interest, being 
soared} less than the discovery of a new mechanioal 


• IicUet by Mr. Truna i.i iTtchemia's Ifagatint, 
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power, in reversing the action of the wedge, hy the appli- 
cation of force to four surfaces, so as to elongate a mass, 
instead of applying force to a mass to divide the four sur- 
faces.” One of the best authorities in the iron trade of 
last century, Mr. Alexander Baby of Llanelly, like many 
others, was at fii'st entirely sceptical as to the value of 
Oort’s invention ; but he had no sooner witnessed the pro- 
cess than with manly candour he avowed his entire con- 
version to his views. 

We now return to the history of tho chief author of this 
great branch of national industry. As might naturally be 
expected, the principal ironmasters, when they heard of 
Oort’s success, and the rapidity and economy with which 
he manufirctured and forged bar-iron, visited bis foundry 
fur the pur-pose of examining his process, and, if found expe- 
dient, of employing it at their own works. Among the 
first to try it were Richard Orawshay of Cyfar-tha, Samuel 
Homfray of Penydarran (hotb in South Wales), and William 
Reynolds of Coalbrookdale. Richard Orawshay was then 
(in 1787) forgiirg only ten tons of bar-iron weekly under 
tbe hammer ; and when he saw the superior processes in- 
vented by Oort he readily entered into a contmt with him 
to work under his patents at ten shillings a ton royalty. 
In 1812 a letter from Mr. Orawshay to the Seoretarj’ of 
Lord Sheffield was read to the House of Commons, descrip- 
tive of his method of working iron, in whioh he said, " I 
toot it from a Mr. Oort, who bad a little mill at Pontlcy in 
Hampshire : I have thus acquainted you with my method, 
by which I nm now making more than ten thousand toms of 
bar-iron per annum.” Samuel Homfray was equally prompt 
in adopting the new process. He not only obtained from 
Oort plans of the puddling-furnaces and patterns of the 
rolls, hut borrowed Oort’s workmen to instruct his ovm in 
tho necessary operations ; and be soon found the method so 
superior to that invented by Onions that he entirely con- 
fined himself to manufacturing after Oort’s patent. Wo 
also find Mr. Reynolds inviting Oort to, conduct a trial of 
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his process tit K-otlcy, though, it does not uppoOfr that it was 
adopted by the firm at that time.* 

The quality of tho iron mamifactinnd by tho new process 
was found satiafaotoiy ; and tho Admiralty having, by the 
persons appointed by them to test it in 1787, pronounced it 
to be superior to the best Oregi-ounda iron, the use of the 
latter was thonoefonvard discontinued, and Oort’s iron only 
was directed to bo nsed for the anchors and other ironwork 
in the ships of the Eoyal Navy. The nieiita of the invention 
seem to have been generally conoeded, and numerous con- 
traots for licences were entered into with Oort and his 
partner by the manufacturers of har-iron throughout the 
oountry.f Oort himself made arrangements for carrying 
on the manufacture on a laa'ge scale, and with that object 
entered upon the possession of a wharf at Gosport, belong- 
ing to Adam Jellicoe, his partner’s father, where he suc- 
ceeded in obtaining considerable Government orders for 
ii’on made after his patents. To all ordinoiy eyes the in- 
ventor now appeared to be on the high road to fortune; but 
there was a fatal canker at tho root of this seeming pros- 
perity, and in a few yeoi-s the fabric which he had so 
lahoriously raised crumhled into luins. 

On the death of Adam Jellicoe, the father of Oort’s part- 


* In themcmoi'.-uiiliiin-bookof Wm. 
I’epoldg appears the foUorring entry- 
on the subject ; — 

*' Copy qf a papsr gioen to H. CoH, 
Esq, 

“ W, Iteynolda saw H. C> in n trial 
-whichheiuadeatEetley, Pec.17,1784, 
pi-oduce fiom the same pig hotli coid 
ehnit and tongh iron by a ynriaiion of 
the process used in reducing tiiem from 
the state of cast-iron to that of malle- 
able or bai'-iron ; and in point of yioid 
his pi-acesses were quite equal to those 
St Pitcbibid, which did not exceed the 
proportion cf 31 cwt, to tlie ton of 
bars. The experiment was made by 
■tamping and potting the blooms or 


loops maiie in his furnace, which then 
produced a cold shoi-t iron ; but when 
they weiv immediately shingled and 
drawn, the irou was of a block tough." 

The Coalbrookdale ii-onmasteia are 
eald to have been deterred ft-om adopting 
the process because of what was con- 
sidered on excessive wiiste of the metal 
— about 25 per cent. — ^though, with 
greater experience, this waste was very 
mudi diminished. 

t Mr.'\Vsbster,inthe'Caseafilcarr 
Cart,’ published in the Mtohaakrs 
Mt^asine (2 Dec, 1859), states fnat 
"licences were token at royalties esti- 
mated to yield 27,S00f. to the owneil 
of the patents," 
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nor, in August, 17S9,* defalcations wore discovered in his 
public accounts to the extent of 39,676/., and his hoots and 
papers ■were immediately taken possession of by the Govem- 
inent. On examination it was found that tho debts duo to 
Jellicoe amounted to 89,657?., included in which was a 
sum of not less than 04,853/. owing to him by the Cortpail- 
norship. In the public investigation which afterwards took 
place, it appeared that the capital possessed by Cort being 
insufficient to enable him to pursue liis experhuouts, 
which were of a very expensive character, Adam Jellioco 
had advanced money from time to time for tho purpose, 
securing himself by a deed of agi-eement entitling him to 
one-half the stock and profits of all his contracts ; and in 
further oonsideration of the capital advanced by Jclliooo 
beyond his equal share, Cor-t subsequently assigned to him 
all his patent rights as coUater-al security. As Jellicoo 
had the roputatioir of being a rich man, Cort had not tho 
slightest suspicion of the source from which he obtained 
tho advances made hy him to the fiim, nor has any oon- 
nivance whatever on the part of Cort been su^ested. At 
tbe same time it must be admitted that the conirexron was not 
free from suspicion, and, to say the least, it was a singnloriy 
unfortunate one. It was found that among the moneys 
advanced by Jelliooe to Cort there was a sum of 27,500/. 
entrusted to him for the payment of seamen’s and officers’ 
wages. How his embarrassments had tempted him to mate 
use of tho public funds for tho purpose of carrying on his 
speculations, appears from his own admussions. In a memo- 
randum dated the 11th November, 1782, found in his strong 
box after Iris death, he set forth that he hful always had 
much more than his proper balance in band, until his en- 


* In tho ‘ Cow of Heniy Cort,’ ly 
Mr. WelisliT, .ibore I'efeirod to (Me- 
chnnbfs Magazine, 2 Dec. 1859), It is 
stated that AAini Jellicoo “ oommitted 
suicide undor tho pi'essuro of dread of 
tsposure,” but this does not aj^sear to 


ho confiimed by the accounts jo (he 
neirqupcis of theday. He died at bis 
private dwelling-house, Ho. 14, Iligh- 
hniy Place, Idinglon, on the SUth 
August, 1789, after' a fortnight i ill- 
ness. 
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gageuient, about two years befoi'o, with Mr. Oort, “ which 
by degrees has so reduced me, and emploj’cd so mnch more 
of my money than 1 expected, that I have been obliged to 
turn most of my Navy bills into cash, and at the same time, 
to my great concern, am very deficient in my balance. This 
gives mo great uneasiness, nor shall I live or die in peace 
till the whole is restored.” He had, however, made the 
first fiilse step, after which the downhill career of dis- 
honesty is rapid. His desperate attempts to set himself 
right only involved him the deeper ; his conscious broach 
of trust caused him a degree of daily torment which he 
oonld not bear ; and the disooverj' of his defalcations, which 
was made only a few days before his death, doubtless 
hastened his end. 

The Government acted with promptitude, os they were 
bound to do in such a case. The body of Jellicoo was 
worth nothing to them, but they oonld seonre the property 
in which ho had fraudulently invested the public moneys 
intrusted to bim. With this object tbe then Paymaster of 
the Navy proceeded to make an affidavit in the Exchequer 
that Heniy Oort was indebted to His Majesty in the sum 
of 27,300?. and upwai'ds, in respect of moneys belonging to 
the puhlio treasury, which “ Adam Jellicoe had at different 
times lent and advanced to the said Henry Cort, from whom 
the same now remains justly due and owing; and the de- 
ponent saith he verily believes that tho said Henry Cort is 
much decayed in his credit and in very embarrassed cir- 
cumstances ; and therefore the deponent verily believes 
that tho aforesaid debt bo due and owing to His Majesty is 
in great danger of being lost if some more speedy means 
he not taken for tbe recovery than by the ordinary process 
of the Court.” Extraordinary measures were therefore 
adopted. The assignments of Oort’s patents, which had been 
made to Jellicoe in consideration of his advances, were 
taken possession of; but Samuel Jellicoe, tbe son of tho 
defaulter, singular to say, was put in possession of tho pro- 
perties at Fontley and Gosport, and continued to enjoy 
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them, iD Cort’a exclusion, for a period of fourteen years. 
It does not however appear that any patent right was ever 
levied by the assignees, and the result of the proceeding was 
that the whole benefit of Oort’s inventions was thus made 
over to the ironmasters and to the publio. Had the estate 
been properly handled, and the patent rights due under the 
contracts made by the ironmasters with Oort been duly- 
levied, there is little reason to doubt that the whole of the 
debt owing to the Oovernmeut would have been paid in 
the course of a few years. “ IVhcn we consider," says Mr, 
Webster, “ how very simple was tho process of demanding 
of the contracting ironmastera the patent dues (which for 
tho year 1789 amounted to 15,000?., in 1790 to 15,000?., and 
in 1791 to 23,000?.), and which demand might have been 
enforced by the same legal process used to imin the iii' 
ventor, it is not difficult to surmise the motive for abstain- 
ing.” The case, however, was not so simple as Mr. 'VVebstei’ 
puts it ; for there was such a contingency as that of the 
ironmasters combining to dispute the patent right, and 
there is every reason to believe that they were prepar ed to 
adopt that course.* 


* TliU is confirmed by the report of 
A Ilonso of Commone Committee on 
the Eiihjcct fMr. Davies Gilbeit chair- 
man), in which tliey " Vowr com- 
mittee have not been abie to eatiefy 
themselves that cither of tho two in- 
ventions, one for Bubjectliis; caet-iion 
to an opemtion termed puddling during 
its conversion to malleabls iron, and 
the other for passing it thi-ongh fluted 
nr grooved rollers, wore so novel in 
their principle or their application as 
ihirly to entitls the petitioners [Mr. 
Cort ’s survivors] to a pariiamcntai-y 
reward.” It is, however, stated by- 
Mr. Hushet that the evidence was not 
(airly taken by the committee-^that 
they were overborne by the andadty 
of Mr, Samuel Homiray, one of the 
great Welsh iromnasm, whose state- 


ments were altc^etliei- at rtu-iaiice with 
known facts — and thnt it was under 
his influence that Mr, Gilbert drew up 
the iallaciouB report of the committee. 
Tile illosti-ious James Watt, writing tn 
Dr. Black in 1784, os to the iron pro- 
duced by Col t's pi-occss, said, “ Though 
I (1111001 perfectly agree -with you ns to 
its goodness, yot there is much in- 
genuity in the idea of foiming the bars 
in tliat manner, which is the only pait 
ofhis process which has any pretensions 
to novelty. . . . Mr. Cent has, as you 
observe, been most illiberally treated by 
the trade: they aro ignorant brutes; 
hut he exposed himself to it by show- 
ing them the process before it was per- 
fect, and eeemg his ignorance of the 
common operations of making Inn, 
laughed at and despised him; yet they 
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xiltliougli tlic Cort patents expired in 1796 and 1798 
rasiiectivoly, they continued the subject of public disens- 
bion for some time after, more particularly in connection 
with the defalcations of the deceased Adam Jellicoe. It 
does not appear tliat more than 26541. was realised by the 
Gora-’ninout from the Oort estate towards the loss sustained 
by the public, as a balance of 24,8461. was still found stand- 
ing to the debit of Jellicoe in 1800, when the deficiencies 
in the naval accounts hecamo matter of public inquiry. 
A few years later, in 1805, the sxibjoot was again revived 
in a remarkable manner. In that year, the Whigs, per- 
ceiving the bodily decay of Mr. Pitt, and being too eager 
to wait for his removal by death, began their famous series 
of attacks upon his administration. Fearing to tackle the 
popular statesman himself, they inverted the ordinary 
tactics of an opposition, and fell foul of Dundas, Lord 
Melville, then Treasurer of the Navy, who had snccess- 
fully carried the country through the great naval war 
with revolutionary France. They scrupled not to tax him 
with gross peculation, and exhibited articles of impeach- 
ment against him, which became the subject of elaborate 
investigation, tho result of which is matter of history. In 
those articles, no reference whatever ■was made to Lord 
Melville’s supposed complicity with Jellicoe; nor, on tho 
trial that followed, was any reference made to tho defulcu' 
tions of that official. But when Mr. Whitbread, on the 
8th of April, 1806, spoke to the “Eesolulions” in the 
Commons for impeaching tho Treasmer of the Navy, he 
thought proper to intimate that ho "had a strong suspicion 
that JeUicue was in tho same partnership with Mark Sprott, 
Alexander Trotter, and Lord Melville. Ho bad been 
suffered to remain a public debtor for a whole year after 


will coDtiive by some dirty evadon to 
use hia proceas, or such parts os they 
like, -withoat acknowledgbie him in 
it. I shall he elad to he able to be of 
Miy use to hliu.*^' Watt’s fellow-fael- 


ing ■waa naturally excited in fevonv ol 
the plundered inventor, he himsell 
haviiig all hla life been exposed to the 
attacks of like piratical aesailanta. 
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he was known to be in aiTears npwai-ds of 24,000?. Dnring 
next year 11,000?. more had accrued. It would not have 
been fair to have turned too abort on an old companion. 
It would perhaps, too, have been dangerous, since un- 
pleasant di.scoveries might have met the public eye. It 
looked very much as if, mutually conscious of criminality, 
they had agreed to be silent, and keep their own seorets.” 

In making these offensive obseiwations Whitbread was 
manifestly actuated by political enmity. They were 
utterly unwan-antablo. In the first i)laco, Molvillo had 
been formally acquitted of Jollicoe's deficiency by a writ 
of Privy Seal, dated Slat May, 1800 ; and secondly, the 
committee appointed in that very year (1806) to reinvesti- 
gate the naval accounts, had again exonerated him, but 
intimated that they were of opinion there was remissness 
on his part in allowing Jcllicoe to remain in his oflSce after 
the discovery of his defalcations. 

In the report made by the commissioners to the Houses 
of Parliament in 1805,* the value of Cort’s patents was 
estimated at only lOOZ. Eeferring to the schedule of 
Jellicoe’s alleged assets, they say “ Many of the debts are 
marked os badj and we apprehend that the debt from Mr. 
Henry Cort, hot so marked, of 64,000?. and upwards, is of 
that description.” As for poor bankrupt Henry Cort, these 
discussions availed nothing. On the death of Jellicoe, he 
loft his iron works, feeling himself a ruined man. Ho 
made many appeals to the Govoimnent of the day for re- 
Storal of his patents, and offered to find security for pay 
meut of the debt due by his firm to the Crown, but in vain. 
In 1794, an appeal was made to Mr. Pitt by a number of 
influential members of Parliament, on behalf of the inventor 
and his destitute family of twelve children, when a pension 
of 200?. a-year was granted him. This Mr. Cort enjoyed 
until the year 1800, when he died, broken in health and 


* Ttuth Sepori of tie Oomnit- [ Seport iff S^eei OouuntiiM on iht 
mMBrt ofSmal Inq>iiip. Sm also 1 IOm .i&w i?<!porfc May, 180-5. 
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Bplrit, ill his sixtieth year. He was buried in Hampstead 
Churchyard, where a stone marking the date of his death 
is still to be seen. A few years sinee it was illegible, but 
it has recently been restored by his surviving son. 

Though Cort thus died in comparative poverty, he laid 
the foundations of many gigantio fortunes. He may be 
said to have been in a great measure the author of our 
modem iron aristocracy, who still manufiicture after the 
processes which he invented or perfected, but for which 
they never paid Mm a shilling of royalty. These men of 
gigantio fortunes have owed much — wo might almost say 
everything — to the ruined projector of “the little mill at 
Pontley.” Their wealth has enriched many families of the 
older aristocracy, and has been the foundation of several 
modem peerages. Yet Henry Oort, the, rook fiom which 
they were hewn, is already aU but forgotten ; and his sur- 
viving ohildren, now aged and infirm, are dependent for 
their support upon the slender pittance wrung by repeated 
entreaty and expostulation from the slate. 

The career of Eichard Crawshay, the first of tho groat 
ironmasters who had tho sense to appreciate and adopt tho 
methods of manufacturing iron invented by Heniy Cort, is 
a not unfitting commentary on the sad history we have 
thus briefly described. It shows how, as respects more 
money-making, shrewdness is more potent than invention, 
and business faonlty than manufacturing skill. Eichard 
Orawshay was horn at Nomanton near Leeds, tho son of 
a small Yorkshire fanner. When a youth, ho worked on 
his father’s farm, and looked forward to oooupying the somo 
condition in Efe ; hut a difference with his father unsettled 
his mind, and at the age of fifteen he determined to leave 
his home, and seek his fortune elsewhere. Like most un- 
settled and enterprising lads, ho fii-st made for London, 
riding to town on a pony of Ms own, wMoh, with tho 
clothes on his back, formed his entire fortune. It took 
him a fortnight to make the journey, in consequence of the 
badness of the roads. Arrived in London, he Sold his 
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pony for fifteen iDOunds, and the money kept him until ho 
succeeded in finding emiiloymont. He Avas so fortiinalo as 
to he taken upon trial by a Mr. Bicklewitli, who kept an 
ironmonger’s shop in York Yard, Upjper Thames Street; 
and his first duty there was to dean out tho office, put the 
stools and desks in order for the other clerks, run errands, 
and act as porter when occasion required. Young Craw- 
shay was very attentive, industrious, and shreAvd ; and be- 
came known in the office as " ITie Y'orkshire Boy.” Chiefly 
because of his “ euteness,” his master appointed him to the 
department of selling flat irons. The London A\-asher- 
women of that day wore very sharp and not very honest, and 
it used to be said of them that where they bought one flat 
iron they geneiully contrived to stejil two. Mr. Bicklewith 
thought ho could not do better tlmu set the Yorkshireman 
to watch the washenvomcn, and, by way of inducement 
to him to be vigilant, he gave young Crawshay an interest 
in that brauoh of tho business, which tvas soon found to 
prosper under his charge. After a few more years, Mr. 
Bicklewith retired, and loft to Crawshay the cast-iron 
business in York Yard, This he still further increased. 
There was not at that time much enterprise m the iron trade, 
but Crawshay endeavoured to connect himself with what 
there was of it. The price of iron was then very high, and 
the best sorts were still impoitod from abroad ; a good deal 
of the foreign iron and steel being still landed at the Steel- 
yard on tire Thamos, in the immediate neighbourhood of 
CraAVshay’s ironmongery store. _ _ 

It seems to have occniTod to some London capitalists 
that money was then to be made in tho iron trade, and 
that South Wales was a good field for an experiment. The 
soil there was knoAvn to he fiill of coal and ironstone, and 
several iron works had for sorne time been carried 
on, which were snpposed to be doing well. Merthyr 
Tydvil was one of the places at which operations ^d been 
begun, bnt the place being situated in a hill district, of 
difficult access, and the manufacture being still in a veiy 

X 
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imperfect state, the progress mado was for some lime very 
slow. Laud coiitiiiniiig coal and irou was deemed of verj- 
little value, as may Ijo inferred from tlie fiict that in tho 
year 17(15, 3Ir. Anthony Bacon, a man of much foresight, 
took a lease from Lord Talbot, for 90 years, of tho minerals 
under forty fcijuare miles of coiintiy surrouuding tho then 
insignificant hamlet of Jlerthyr Tydvil, at the trifling 
rental of tlOQI, a-year. There ho erected iron works, and 
sTipplied the Government with considorahlo quantities of 
cannon and iron for different purposes ; and having eanied 
a eonnieteimy, lie retiied from business in 1782, sublotting 
liis mineral tract in four divisions — the Dowlais, the Peny- 
darran, the Cyfurtha, aud tho Plymouth Worlts, north, cast, 
west, and south, of llerthjw Tydvil. 

Mr, Eichard Crawshay became the lessee of what Sir. 
Mushet has called “ the Cyfartha flitch of the great Bacon 
domain.” There he proceeded to curry on the works 
established by Mr. Bacon with increased spirit; his sun 
William, whom ho loft in charge of the ironmongery store 
in London, supplying him with capittd to put into tho 
irou works as fast as he could earn it by the retail trade. 
In 1787, wo find Eichard t'rawshay manufacturing iviili 
difficulty ten toim <■! bar-iron weekly, .and it was of a very 
inferior character,* — tho means not having yet been devised 
at Cjiiiitha for mallcableizing tbe iiit-coal cast-iron willi 
economy or good effect. Lot Ciawvbay found a ready 
market for all the irou ho could make, and ho is said to 
have counted the gains of the forge-hammer close by his 
bonso at the rate of a penny a stroke. In course of time 
he found it necessarj' tn erect now furnaces, and, haring 
adopted the processes invented by Henry Cort, lie was 


* Mr. Muihut Kiys of ths early i 
manufacture of iron at Mei-thyi'TyUTii ' 
that “ A moJilimtion of the (Jiarcfol 
refinery, a hollow fire, was woiked 
with coke as a snh.'ititutc fur chareo.iI, 
but the haiwron haiumeied from the 
produce was very in&rior." The {at- 


I cual avt-iioii was norerthclcss found of 
a superior quality for caatinjts, being 
■mure fusible and more homogeneous 
than cbaivoal-iron. Hence it was well 
adapted lor Oiumon, which was for .some 
time the principal article of niim» 
fucture at the Welih works. 
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tlioroby emiTjlud greatly to increase the iirodiiotion of 
his forges, until in 1812 wo find him stating to a com* 
mitteo of tho Honso of Commons that ho was malting 
ten thousand tons of har-iron yearly, or an average produce 
of two hundred tons a week. But this q^iiantity, great 
though it. was, has since been largely increased, the total 
produce of the Crawshay fumaeas of G'yfui tha, Ynysfach, and 
Isdi^van, being upward.s of 50,000 tons of har-iron yearly. 

Tho distance of Merthyr from Cardiff, tho nearest port 
being considerable, and the cost of carriage being very 
great by reason of the badness of tho roads, Mr. Crawshay 
set himself to overcome this great impediment to the jiro- 
speiity of the ^Merthyr Tydvil district ; and, in conjunction 
with Mr. Homfray of the Penydan-aii "Work.?, ho planned 
and constructed the canal* to Cardiff, tho opening of 
which, in I7i'.5, giivu an immense impetus to the iron trade 
of the ncighhourhuod. Numerous rthor extensivo iron 
works hecanio established there, until Merthyr Tydvil 
attained the rciiutation of being at onco tho richest and 
tho dirtiest district in all Britain. Mr. Crawshay hecamo 
known in tho west of England as the “ Iron King,*’ and 
was quoted as the highest authority' in all questions re- 
lating to the trade. Mr. George Craw£ihay, recently de- 
scribing tho founder of the fiimUy at a social meeting at 
Newcastle, said , — “ In these days a name like ours is lost 
in the infinity of great manufacturing firms which exist 
throughont the laud; but in those early times tho man 
who opened out tho iron district of Wales stood upon an 
eminenco seen by all tho world. It is preserved in the 
traditions of Iho family that when tho ‘ Iron King ’ used 
to drive from homo in his coach-and-four into Wales, all 
the coimtry turned out to see him, and quite a commotion 


* It may le woitliy of nuto that 
l]i« tirst locomotiro run upon n railroaJ 
vras that constractad hy Ticvithiuk 
for Mr. Ilomfiay in 1801'., wliidi was 
amployril to bring down mcial fiun 


the furDU(.a5 to the Old targe. The 
engine waa taken off the road berauu 
the tram-plates were found too weak 
to boar its weight wiilamt breaking, 
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took place ■when he passed through Bristol on hLs way to 
the works. My great-grandfather was succeeded hy his 
son, and by his grandson; tho Ci'awshays have followed 
one another for fri'ui' generations in the iron trade in Wales, 
and there they still stand at the head of tho trade.” The occa- 
sion on which these words were uttered was at a Christmas 
party, given to tho men, about 1300 in number, employed 
at the ii'on works of Messrs. Hawks, Crawshay, and Co., at 
Jsewcastle-upon-Tyue. These works were founded in 17o4 
by William Hawks, a blacksmilh, whoso principal rtado 
consisted iu making claw-hammers for joiners. He became 
a thriving man, and eventually a largo manufacturer of 
bar-iron. Partners joined him, and in the course of the 
changes ■\vrought by time, one of the Crawshays, in 1842, 
became a principal partner in the firm. 

Illustrations of a like kind might be multiplied to any 
extent, showing tho growth in our own time of au irou 
aristocracy of great wealth and influence, the result mainly 
of tho successful working of tho inventions of the un- 
fortunate and unrequited Uenry Cort. He has heen the 
very Tubal Cain of England — one of the principal founders 
of our iron age. To him we mainly owe the abundance of 
wi'onght-iron for machinery, for steam-engines, and for 
railways, at one-third the price we were before accustomed 
to pay to tho foreigner. Wc have by his inventions, not 
only ceased to ho dependent upon other nations, for our 
supply of irou for tools, implements, and arms, hut we 
have become the greatest exporters of ii’on, producing 
more than all other European countries combined. In the 
opinion of Mr. Fairbaim of Manchester, tho inventions of 
lloury Cort have already added six hundred millions 
sterling to the wealth of tho kingdom, while they have 
given employment to some six hundred thousand working 
people during tliree generations. And while tho great 
ironmasters, by freely availing themselves of his inventions, 
have been adding estate to estate, the only estate secured 
by Henry Oort was tho little domain of six feet by two in 
which ho lies interred in Hampstead Ghurchyaid. 
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OHAPTEB VnL 

Tsa SCOTCE IsoK Makcfactubb — De. Eokbtok — 
Dated Mubhet. 


“ Were pablic bener’ictai-s to aliotreit to pass atraj, like hevcre of 
wimkI and drawnre of water, witiioiit cnmmemoiation, genius and enter- 
prise would be deprived of tbeir most coveted JUtiiiction ,” — Sir ITeurn 
Lngleficlil. 


Thk account given of Dr. Eoebnclc in a Cyclopedia of Bio- 
graphy, recently published in Glasgow, runs as follows : — 
“Hoebuok, John, a physician and experimental chemist, 
hom at SheCBeld, 1718 ; died, after niining himself by his 
projects, 1794.” Such is the shoj’t shrift which the man 
receives who fails. Had Dr. Eoebuck wholly succeeded in 
his projects, he would probably have boon e-steemed as 
among the greatest of Scotland’s bcnefnolors. Tet hi.s life 
was not altogether a failure, os we think will EufiSoiently 
appear from the fnUowing brief account of his labours : — 
At the beginning of last century, John Itnebnok’s father 
carried on the manufacture of cutlery at Sheffield,* in the 
course of which ho realized a competency. He intended his 
son to foEow his own business, but the youtli was irresistibly 
attracted to soientifio pursuits, in which his father liberally 
encouraged him ; and he was placed first under the care of 
Dr. Doddridge, at Northampton, and afterwards at the 
University of Edinburgh, where ho applied himself to the 
study of medicine, and especially of chemistry, which was 
then attmeting considerable attention at the principal seats 


* Dr. Tioebuck'u gimidiion, Juha ddeuce, at present represents {-heffidd 
Arthur Boebnek, t? a dnguhr coin- tn the British Parlbaent. 
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of learning in Scotland. While residing at Edinburgh 
young Roebuck contracted many intimate friendships with 
men who aftei-wards became eminent in literature, such as 
Hume and Robertson the historians, and the cireuinstanco 
is supposed to have contributed not a little to his partiality 
in favour of Scotland, and hia afterwards selecting it as the 
field for his industrial operations. 

After graduating as a physician at Lc 3 'den, Roebuck re- 
turned to England, and settled at Birmingham in the year 
1745 for the purpo-so of practising his profession. Bir- 
rainghaiii was then a principal seat of the metal manufac- 
ture, and its mechanics were reputed to be among the most 
skilled in Britain. Dr. Roebuck’s attention was earlj' 
drawn to the scarcity and dearness of the material in which 
the mechanics worked, and ho sought hy experiment to 
devise some method of smelting iron otherwise than by 
neaus of charcoal, lie had a laboratory fitted up in hia 
louse for the puiTOso of prosecuting hia inquiries, and 
there he spent every minute that he could spare from hia 
irrofessional labours. Tt was thus that he invented the 
proces.9 of smelting iron h\' means of pit- coal which he 
afterwards emhodied in the patent hereafter to be refen-od 
to. At the same time ho invented new methods of refining 
gold and silver, and of employing them in the ai-ts, which 
proved of great practical value to the Bii’mingham trades- 
men, who made extem»ive use of them in their various 
processe.s of manufaoture. 

Dr. Roebuck’s inquiries had an almost exclusively 
practical direction, and in pursuing them his main 
object was io render them subservient to the improve- 
ment of tho industrial arts. Thus ho sought to devise 
more economical methods of producing the various clie- 
inicals used in the Birmingham trade, such as ammonia, 
sublimate, and several of the acids ; and his success was 
srroh as to induce him to erect a large laboratory for their 
manufacture, which was conducted with complete success 
by his friend Mr. Garbott. Among his inventions of this 
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character, was the modem process of mamifacturing \qtri- 
olic acid in leaden vessels in large quantities, instead of in 
glass ve.«sels in small quantities as formerly practised. 
Ilis success led him to consider the project of establishing 
a manufactory for the puipoao of producing oil of vitriol 
oil ‘ a large scale ; and, having given up his practico as a 
physician, he resolved, with his partner Mr. Garhett, to 
o.'-tahlLsh the propo.sed works in the noighhourhood of 
Edinburgh. Ho removed to Scotland with that object, and 
began the m.'unifaoture of vitriol at Prestonpans in the 
year 1749. The enterprise proved eminently lucrative, 
and, encouraged hy his success, Iloebiiok proceeded to 
strike out new hranehes of mamifiicture. He started a 
pottery for making white and brown ware, which even- 
tually became established, and the manufacture exists in 
the same neighbourhood to this day. 

The nc.xt enterprise in which he became engaged was 
one of still greater importance, thottgh it proved eminently 
unfortunate in its i faults as concerned himself. While 
living at rre.stonpans, he made the friendship of Mr. 
William Cadell, of Oookeiizie, a gentleman who had for 
some time been earnestly intent on developing the industry 
of Scotland, then in a veiy backward condition. Mr. Cadoll 
had tried, without success, to establish a manufuctoiy of 
iron ; and, though he had heretofore failed, he hoped that 
with the aid of Dr. Pioebucfc he might yet sneoeed. The 
Doctor listened to hia sxiggestions with interest, and em- 
braced the proposed enterprise with zeal. He immedi.ately 
proceeded to organize a company, in which he was joined 
by a number of his friends and relatives. His next step 
was to select a site for the intended works, and make the 
necessary aiTangements for beginning the manufacture of 
iron. After carefully examining the country on both sides 
of the Forth, he at length made choice of a site on the hanks 
(if the river Oarron, in Stirlingshire, whore there was an 
abundant snpply of water, and an inexhaustible supply of 
iron, coal, and limestone in the immediate neighbourhood, 
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and there Dr. Eoehuck iilaatcd the first ironworks in 
Scotland. 

In order to carry them on with the host chances of suc- 
cess, he brought a large number of skilled workmen from 
England, who formed a nucleus of industry at Carron, 
■where their example and improved methods of working 
served to train the native labourers in their art. At a 
suhsequent period, Mr. Cadoll, of OaiTonpark, also brought 
a number of skilled English nail-makers into Scotland, and 
.settled them in the village of Camelon, where, by teaching 
others, the business has become handed down to the present 
day. 

The first furnace was blown at Canon on the first day of 
January, 1760; and in the course ofthe same year the Carron 
Iron Works turned out 1500 tons of iron, then the whole 
annnal produoe of Scotland. Other fiimacea were shortly 
after erected on improved plans, and the production stea- 
dily increased. Dr. Doohuck was indefatigable in his en- 
deavours to improve the manufacture, and he was one of 
the first, ns wo have said, to revive the nse of pit-coal in 
refilling the ore, as appears from his patent of 1762. He 
there desei-ibes his new process as follows : — “I melt pig or 
any kind of cast-iron in a hearth heated with pit-coal by the 
blast of bellows, and work the metal until it is reduced to 
nature, which I take out of the fire and separate to pieces ; 
then I take the motul thus reduced to nature and expose 
it to the action of a hollow pit-coal fire, heated by the blast 
of bellows, until it is reduced to a looji, which I draw 
out under a common forge hammer into bar-iron,” This 
method of manufacture was followed with suoees.'!, though 
for some time, as indeed to this day, the principal pro- 
duction of the Carron Works was castings, for which the 
peculiar quality of the Scotch iron admirably adapts it. 
The well-known OaiTonades,* or “ Smashers," as they were 

* Tlie cinona'le was invented by who proposed it foi' dlscbai-ging 68 lb. 
Genei'al Robert Melville [Jlr. Nasmyth shot with low charges of powder, in 
says it was hy Miller ot PrlswintonX order to produce the increased spIinte^ 
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named, woi'o east in large numbers at the Curron Works. 
To increase the power of his blowang apparatus, Dr, Hoe- 
buck called to his aid the cclobrafed Mr. Smeaton, the 
engineer, who contrived and erected for him at Carron the 
most perfect apparatus of the kind then in existence. It 
may also be added, that out of the CaiTon entevprLco, in a 
gi’eat measure, sprang the Forth and Clyde Canal, the first 
artificial navigation in Scotland. The Carron Company, 
with a view to securing an improved communication with 
Glasgow, themselves survej’ed a line, which was only given 
up in consequence of the detennined oppo.sitiou of the 
landowners ; but the project was again revived through 
their means, and was eventually carried out after the de- 
signs of Smeaton and Brindley. 

'iVhile the Can-on foundry was pursuing a career of safe 
prosperity, Dr. itoehnek's enterprise led him to embark in 
coal-mining, with the object of securing an improved 
supply of fuel for the iron works, lie became tbs lessee of 
the Duke of Hamilton’s extensive coal-mines at Borougb- 
Btoncs.s, as well as of tbo salt-pans wbieh were connected wth 
them. Thomarniionoflvinneilwent with tlie lease, and there 
Dr. Hoehuok and his fitmily took up their abode. Kinneil 
House was formerly a country seat of the Dukes of Hamilton, 
aud is to this day a stately old mansion, reminding one of a 
French chfiteau. Its situation is of romarkahle boanly, 
its windows overlooking the broad expanse of the Firth of 
Forth, and commanding an extensive view of the oounti-y 
along its nortbem sbore.s. The place has become in a 
measure classical, Kinneil House having been inliabitcd, 
since Dr. Roebuck's time, by Dugald Stewart, who there 
wrote his Philosophical Essays.* 


ing or mashittj effects whicli wei-c 
known to rcenlt from oacb pracUce. 
The first piece of the kind was cast at 
the Can-on Foundry, in 1779, and 
General Melville’s family have now in 
their possession n small model of this 
gon, with the inwviplion : — " Gift of 


the Ciuivn Company to Lieutenant- 
General Melville, inventor of fiw 
smasliera and lesser enrronades, fan 
solid, ship, shell, and canansi shot, &c. 
First used against French ships in 
1779.’ 

* Willde the pointer tnce paid Uat 
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When T)r. Iioehnck liegan to sink for coal at the now 
mines, ho found it necessary to ercot pumping-machinery 
of the most powerful kind that could bo contrived, in order 
to keep the mines clear of water. For this puipose the 
hTewcomen engine, in its then state, was found insnfScient ; 
nud when Dr. lioebuck’s friend. Professor Black, of Ediii- 
brugh, uiformed him of a young man of his acquaintance, 
a mathematical instrument maker at Glasgow, having in 
vented a Ktenm-ongine calculated to work with increased 
power, speed, and economy, compared with Newcomen’s, 
Dr. Iioehnck was much interested, and .shortly after entered 
into a correspondence with Jamc.s Watt, the mathematical 
instrument maker afore.said, on the subject. The Doctor 
urged that Watt, who, up to that time, liad confined himselt 
to models, should come over to Kinneil House,, and proceed 
to erect a working engine in one of the onthnilclings. The 
English workmen whom he had hrought to the Carron 
works would, he justly thoirght. give W'att a hotter chance 
of success with his engine than if made by the clumsy 
whitesmitlis and hldoksmiths of Glasgow, quite unaccus- 
tomed as they were to first-clas.s work ; and h?|,roposcd 
himself to cast the cylinders at Carron previous to >)J^att’» 
intended visit to him at Kinneil. * 

Watt paid his promised visit in May, 1708, and Eoebuok 
was by this time so much interested iir the invention, that 
the subject of bis heoomiug a partner with Watt, with the 


u viiit there while in ScotlanJ ftalj’- 
in^; the subject of his “ I’enny Ww- 
iliiii; anl Dugnll titew.irt found tor 
him the nhl farm-house with the 
ciuillc-chimney, whicli he introduced 
in th.at picture. But Kinneil House 
h.es hail its imagiuaiy inhabitants as 
well ns its real ones, the ghost of a 
Lady Lilhiu’n, once an occupant of the 
place, still “haunting" some of the 
unoccupied chambd’s. Uugidd titcwiu t 
told Wilkie one night, n-s he was going 
to bed, of the onearthly wailings 


which he himself bad heard proceeding 
from the nncient ap.artnicnts ; but to 
him at least they bad been explained 
by tho door opening out iijinn tlie 
loof being blown in on gusty nights, 
when n j.trring and creaking noise w.'U 
heard .all over the house. One ndrnu- 
tage derived from the house being 
“ hnunted ” wni^ tlint tho garden was 
never broken into, and the tvinter 
apides and stores were at nil times 
kojit s.afe from dcpreilation 1 1 the npii't- 
incuts of Uie T-ady Lilburt 
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objecl of introilucing the engine into geneinl nso, wag 
seriously discussed. Watt had been labouring at his in- 
vention for several years, contending with ni.any difBoulties, 
blit especially with the main difficulty of limited means. 
Ho had borrowed considomblc sums of money from Dr. 
Black to enable him to prosecute his experiments, and ho 
felt the debt to hang like a millstone round his neck. Watt 
was a sickly, fragile man, and a constant sufferer from 
violent headaoliea; be.sides he was by nature timid, de- 
sponding, painfully anxious, and easily cast down by 
failure. Indeed, he was more than once on the point of 
abandoning his invention in de.spair. On the other hand, 
Dr. Hoebuck was accustomed to great enterprises, a bold 
and undaunted man, and disregardful of expense where ho 
saw before him a reasonable prospect of sncoe.'ss. His re- 
putation as a practical ehcmh<t and philosopher, and hi.s 
success as the founder of the Prestonpans Chemical Works 
and of the Carron Iron IVorks, justified the fi'iends of Watt 
in thinking that ho was of all men the best calculated to 
help him at this juncture, and hence they sought to bring 
about a more intimate connection between the two. The 
result was that Dr. Eoebuck eventually became a partner 
to the extent of two-thirds of tho invention, took upon 
him the deht owing hy Watt to Dr. Black amounting to 
about 1200Z., aud undertook to find the requisite money 
to protect the invention by means of a patent. The neces- 
sary steps were taken accordingly, and the latent right 
was secured by the beginning of 17(59, though the pei’- 
feoting of his model cost Watt much further anxiety and 
study. 

It was necessary for Watt occasionally to reside with 
Dr. Eoehuefc at Kinneil House while erecting his first 
engine there. It had been originally intended to erect it 
in tho neighbouring town of Boroughsfconess, but os there 
might bo prj'ing eyes there, and Watt wished to do his 
work in privacy, dotomiined "not to puff,” he at length 
fixed upon an onthouso still standing, close behind the 
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inatmion, ty the Lum&ido in Iho glen, -vvliere {hero was 
abundance of water and secure privac 5 '. ^Vatt’s extreme 
diffidence w’as often the subject of remark at Dr, Koebuck’s 
fireside. To tbe Doctor his anxiety seemed quite painfid, 
and he was vei-y much disposed to despond under ajipa- 
rently Iririal difficulties. Hoebuck’s hopeful nature was 
his lOiiinstay throughout. “Watt himself was ready enough 
to admit tliis ; for, writing to his friend Dr. Small, he once 
said, “ I have met with many disappointments ; and 1 
must have sunk under the burthen of them if I had not 
been supported by the friendship of Dr. Roebuck.” 

But more serious troubles were rapidly accumulating 
upon Dr. Roebuck himself ; and it was ho, and not IVatt, 
that sank under the bui-then. The process of Watt’s 
engine was but slow, and long before it could be applied 
to the pumping of Roebuck’s mines, the difficulties of the 
undertaking on which he had entered overwhelmed him. 
The opening out of tlio principal coal involved a very 
heavy outlay, extending over many years, during which 
he sank not only his own but his wife’s fortune, and — 
what distre.ssed him most of all — ^large sums honwed 
from liis ivlatives and friend-s, which ho was unable to 
repay. The oon.sequenco was, that ho was eventually 
under Iho neoo.ssity of withdrawing his capital from the 
refining works at Biminghani, and the vitriol works at 
Prestonpaus. At the same time, he transferred to Mr. 
Boulton of Soho his entire interest in Watt's steam-engine, 
the value of which, by the way, was thought so small that 
it was not even included among the assets ; Roebuck’s 
creditors not estimating it as worth one farthing. Watt 
sincerely deplored his partner's misfortunes, hut could not 
help him. “Ho has been a most sincere and generous 
friend,” said Watt, “ and is a tmly worthy man.” And 
again, “ My heart bleeds for him, but I can do nothing to 
help him : I have stuck by him till T have much hurt 
myself; I can do so no longer; my family calls for my 
caro to provide for them.” The later years of Dr, 
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Eoebuok’s life were siieut in comparative obscurity ; and 
he died in 1794, in his 70tb year. 

He lived to witness the snoce.'s of the steam-engine, the 
opening up of the Boroughstoness coal,^ and the rapid 
extension of the Scotch iron trade, though he shared in 
the prosperity of neither of those branches of indu.sfa-y. 
Ho had been working ahead of his age, and he suffci'od 
for it. He fell in the breach at the critical moment, and 
more fortunate men marched over his body into the fortress 
which his enterprise and valour had mainly contributed to 
win. Before his great undertaking of the Carron ''i\’'orks, 
Scotland was entirely dependent upon other countries for 
its supply of iron. In 1760, the firet year of its opera- 
tiiins, the whole produce was 1500 tons. In course of 
time other iron works were erected, at Clyde Cleugb, 
Muivkirk, and Devon— the managers and overseers of 
which, as well as the workmen, had mostly received their 
training and experience at Carron — until at length the iron 
trade of Scotland has a!>sunied such a magnitude that its 
manufacturers are enabled to export to England and other 
countries upwards of 500,000 tons a-year. How different 
this state of things from the time when raids were made 
across the Border for the purpose of obtaining a store of 
iron plunder to be carried back into Scotland ! 

The extraordinary expansion of the Scotch iron imde of 
late years has been mainly due to the discovery by David 
Mushet of the Black Band ironstone in 1801, and the in- 
vention of the Hot Blast by James Beaumont Neilson in 
1828. David Mushet was bom at Dalkeith, near Edin- 


• Dr. Roebuck hail been ou the 
brink of great good fortonc, but be 
did not know it. Mr. Ralph Moore, 
in his *' Peters on He Slaehland 
Ironstones" (Glasgow, 1861), ob- 
serves !—“ Strange to say, he was 
teaving bdiind him, almost as the roof 
of one of the seams of coal which be 


worked, a valuable blackhand iron- 
stone, uiion which Einneil Iron Works 
are now founded. The coal-field con- 
tinned to be worked until the acciden- 
tal discovery of the blackbond abont 
1845. The old coal-pits are now 
used for working the ironstone,*' 
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bupgh, in 17 "2.* Like other luemhevs of aia family ho 
was brought up to motal-futmding. At the ago of niuotooii 
ho joined iho fitaff of the C33-de Iron Works, near Glasgow, 
at a time when the Coinpanj' had onlj* two blast-fumaees a1 
work. The office of accountant, which ho held, precluded 
him from taking anj* part in the manufacturing operations 
of the concoin. But being of a speculative and ingenious 
turn of mind, the remarkable conversions which iron midcr- 
wenf. in the process of inaunfacturo very shortlj’ began to 
occujy his attention. Tho subject w(t.s’ much discussed by 
the 3 'oung men about tho work.s. and thoj’ finqueiitlj' had 
occasion to refer to Pora'ciov's well-known book for tbo 
purpo.'ie of determining vm-ioiis que&tion.s of difference 
whieb arose among them in the course of their inquiries. 
The hook was, however, in inanj' respects indecisive and 
unsatisfactory; and, in 17tH, when a reduction took jiltiee 
in the Company’s staff, and David Mnshet was left nearlj' 
the sole occupant of tho office, he determined to study tho 
subject for himself experimentally, and in the first place 
to acquire a thorough knowledge of assaying, as the tnie 
key to tho whole art of iron-making. 

He first set up his criicihle upon the bridge of the rover- 
bevatory furnace used for melting pig-iron, and filled it 
trith a mixture carefully compounded according to the 
formula of the books ; but, notwithstanding the shelter of 
a brick, placed beforo it to break the action of the flame, 
the cracible generally split in two, and not unfreqnently 
melted and disappeared altogether. To obtain bettor results 
if possible, ho next had recounso to tho ordinary smith’s 
fire, carrying on his experiments in the evening.*! after office- 
hours. He set his cnieible upon the fire on a piece of firo- 


* The Miishets on old Kincar- 
dine family ; I>ut they were olmoet ex- 
tingiuished by the plague in the reign 
of Charles the h'econd. 'llieir nunibcra 
X’ere then reduced to tn r ; one of r.’honi 


semaiued at Kiiioanliiie, and the other, 
a dergymau, the Ber. George Mnshet, 
araom^nied Moutroee as chaplain. 
He is buried in Kineanliue chuidp 
yanl. 
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bvic-k, oppoailo Ibo uokzIo of tlie bellowa ; coveiiiig thu 
whole with coke, tuid then, exciting the flfimo by blowing. 
This mode of operating prodticed somcw'hat bettor results, 
but still neither the iron nor the cinder obtained resembled 
the pig or scoria of the bbist-fumace, which it was hi.s 
ambition to imitate. Trom the irregularity of the results, 
and the fretiuent failure of the crucibles, he came to the 
conclusion that either his furnace, or his mode of fluxing, 
was in fault, and ho looked ahuiit him fur a move con- 
venieut niean.s of pur.Miiug his experiments. A small 
Bfpmro fui-uaco had heen ei'ected in the works for the 
puqjose of heating the rivets used for the repair of steam- 
engine boilers ; tbe furnace had for its chimney a cast-iron 
pipe .six or .«even inches in diameter and nine feet long. 
After a few trials with it, ho luised the heat to such an 
extent that thu lower end of the pipe was melted off, without 
producing any very satisfirctory results on the experimental 
onioihle, and his operations were again brought to a stand • 
stiU. A cliimuoy of brick having been substituted for the 
east-iron pipe, he was, however, enabled to proceed with 
his trials. 

Ho continued to pursue his experiments in assaying for 
about two yeare, during which he had been working 
entirely after the methods desei-ibed in books ; but, feeling 
the results still unsatisfactory, ho detennined to borrow 
no more from the hooks, hut to work out a system of his 
own, which should ensure results similar to those produced 
at the blast-fiu’nace. This be eventually .succeeded in 
effecting by numerous experiments performed in the night; 
as his time was fully oooupied by his cfiffue-dutics during 
the day. At length these patient experiments bore -their 
due fruits. David Muriiet became the most skilled assaycr 
at the works ; and when a difficulty occurred in smelting a 
quantity of new ironstone which had been contracted for, 
the manager himself resorted to the bookkeeper &r advice 
and information ; and the skill and experience which he 
had gathered during his nightly labours, enabled him 
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readily find sati.'jfiiet'jrily to solve the difiSoulty and suggest 
a suitable remedy. ITi.s reward for this achievement was 
tlm permission, which was immediately granted him by 
the manager, to ninko nso of his own assay-furnace, in 
which he thenceforward continued his investigations, at 
the same time that he instructed the manager’s s^on in the 
art of assaying. This additional experience proved of 
great benefit to him ; and he continued to proseonto his 
inquiries with much zeal, sometimes devoting entire nights 
to e.vperimcnt.s in a.ssaying, ro.a.sting and cementing iron- 
nre.s !ind ironstone, decarbonating cast-iron for steel and 
bar.-iron, and varioii-s like operations. His general prac- 
tice, however, at that time was, to retire between two and 
three o’clock in the morning, leaving directions with the 
engine-man to call him at half-past five, so as to bo 
present in the office at six. But these praiseworthy expe- 
riments were brought to a sadden end, as thus described 
by himself: — 

“ In the midst of my career of investigation,” says he,* 
“ and without a cause being assigned, I was stopped short. 
My furnace.s, at the oi-der of the manager, were ymlled in 
pieces, and an edict was passed that they should never be 
erected again. Thus terminated my r'osearches at the 
Clyde Iron Works. It happened at a time when I was 
interested— and I had been two years previonslj' ocenpied 
— in an attempt to convert cast-iron into steel, without 
fusion, by a process of cementation, which had for its 
object the dispersion or absorption of the superfluou.s 
carbon contained in the cast-iron, — an object which at that 
time appeared to me of so great importance, that, with the 
consent of a friend, I erected an assay and cementing 
furnace at the distance of about two miles from the 
Clyde Works. Thither I repaired at night, and sometimes 
at the breakfast and dinner hours during the day. This 
plan of operation was persevered in for the whole of one 


* Pafcn hron ani SUel, B; David HuBtet. landon, 1840. 
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bumiuer, but was found too uncortain and labui-ious to be 
continued. At tlie latter end of the yccar 1708 I left niy 
ebaiubers, and remoTod frozn tlio Clyde Works to the di.s- 
tonce of about a mile, •where I constnicted several fumacca 
fur assaying and oenicuting, capable of e-Yciting a greater 
temperature than any to which I before had acc.ss ; and 
thus fur nearly two years 1 cuntiimcd to cany on my 
investigations connected with iron and the alloys of the 
metals. 

“Though operating in a retired manner, and holding 
little eommunicaiion with others, my views and opinions 
upon the ratiotude of iron-mating spread over the csiablish- 
ment. I was considered forward in affecting to see and 
explain matters in a different way from others who were 
much my seniors, and who were content to be satistieJ 
with old iuothod.s of u.xplanatlon, or with no cxjilanatiou at 

all ^notwithstanding the.so early reproaches, I 

have lived to soo tlio nomeiielaturo of my youth fiiniish a 
vueabulavy of toms in the art of iron-making, which is 
used by many of tbe ironmastera of tho present day with 
freedom and effect, in comiannicating with each other ou 
the subject, of their respective inanufaetiires. Prejudices 
seldom outlive the generation to which they belong, when 
opposed by a move rational system of explanat ion. In tliis 
respect, Time (as my hol'd Bacon says) is tbe greatest of 
all innovators. 

“ In a similar manner, Time oporatod in my favour in 
respect to tho Black Bond Ironstone.* The ^scovery of 


* This Tiilnable ilu-criirtion of iron 
ore w.ia discovered by Air. Musiict, ns 
he affenvards informs us (Puyjers on 
ti'on and Steel, 121), in the Tenr 
IdOl, when crossing the river CnMer, 
u the parish of Ohl Monklnnd. Hiiv- 
wg snbjccted a spcciinsn whiidi he 
found In tlie river-bed to the tart of 
his crucibU, he s.-iti!4iei! himself as to 
its pmptuties, ntid proceeded to n-soer- 
tain its gs'oh'giea’i position nnd rela- 


tions. He shortly futiii.l that it 
belonged to tlie upper pait of the coal- 
ibimr.tien, and hence he desigmiteil it 
carboniterous ironstone, lie prose- 
cnteil his researches, and found raiiuus 
rich beds of the mineral distribnted 
thronghout {be western counties of 
Scotland. On analysis, it wns found 
to contain a little over SO per vent, of 
protoxide of iron.* The ewy natter 
it contninca was not its Iciiht ralnable 

n 
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thie! was JiJaik> iu 1801, wLon I was uagngbi in eroctiBg for 
mysolf uiid p.irtuow tlio Calder Iron Works. Great prejn- 
(liee was excited against mo by tbe ironmasters and otliers of 
that day in prc.snming to class the icilcj coals of tbe coimtiy (as 
Elaok Caiul was called) with ironstone fit and proper for 
tho blast furnace. Yet that discovery has elevated Scot- 
land to a coiihidernblc rank among tbo iron-m.aking nations 
of Europe, with re.soiu'ce3 still in store that may be con- 
sidered inexhaustible. Ihit such are the consolatory ef- 
fects of Time, that the discovorer of 1801 is no longer oon- 
.sidered the intrusive visionary of tbe laboratory, but tbo 
acknowledged benefactor of bis connliy at large, and parti- 
cularly of an extensive class of coal and mine proprietors 
and iron masters, who have derived, and are still deriving, 
great wealth from this important discovery ; and who, in 
the spirit of grntoM acknowledgment, have prononnoed it 
wortby of a crown of gold, or a momrmontal record on tbo 
spot where tbe discovery was first made. 

“ At an advanced period of life, such considerations are 
soothing and satisfactory. Many under similar circirm- 
.stances have not, in their own lifetime, bad that measure 
of justice awarded to them by their country to which they 
wore ecpially entitled. I accept it, however, as a boon 
justly dire to mo, and as an egnivalent in some degree for 
that laborious course of investigation 'which. I had pre- 
scribed for mysolf, and which, in early life, was carried on 
under cironmstances of pein’onol exposure and incon- 
venience, w'bicb nothing tat a frame of iron could have 
supported. They atone also, in part, for that disappoint- 
ment sastained in early life by tho speculative habits of 
one partner, and the oonstitutional nervousness of another, 
which eventually occasioned my separation from the Caldor 
Iron Worlcs, and lost mo the possession of c.xtensivo traots 


ingreJknt ; for by tbo ail of tbo hot ! havesic- ji been dfscoveted and sucoesa- 
bl^ it vm aBawards foimd meti- ! fully woi'kod in Edinbarghsbi ■e, Staf- 
cable to smell it almost without nn; | fordshire, and Hoith Wales, 
addition of ‘-aal. Seams of bl.ick band i 
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of Bliick Band iron-stono, wliicli I had soenri-d ivliiU\ tho 
value of the discovery was known only to invhelf.” 

Air. Alufthet published the in.snlts of bin laboriou.s inve.sti- 
}i;,iri(in'f in a serie.s of p.ipers in tho I’liilosophical Alngaziiio, 
— afterwards reprinted in a collocled form in lfi40 niidei 
tlxc titlu of •‘I'lipors on Iron and Steel.” nie.so papers are 
amojig the mo.st vnhialde original contributions to the 
literature of the iron-maniifaotnre that Lave yet been given 
to the world. They contain the genus of many in\'entions 
and discoveries in iron and .steel, some of which were pei- 
feoted by Air. Alushct himsedf^ while others were ad(>ptetl 
and -worked out by different experimenters. In 171*8 some of 
the leading French -chemists -were endeavouring to prove 
by experiment that steel could be made by contact o£ tho 
diiiiuoiid witli bitr-iron in tbc crnciblc, tbe cjirbnu of the 
diamond being liberated and entering into ertnibination with 
the iron, fonning steel. In tho aiiiiuated controversy which 
occurred on the subject, Air. Alushot’s name was brought 
into considerable notice ; one of the subjects of his pub- 
lished experiments having been tbe conversion of bar-iron 
into stool in tho crucible bj' contact with regulated pro- 
prirtions of charcoal. The experiments which he made in 
connection with this controversy, though in themselve.? 
unproductive of results, led to the important discovery by 
Air. Aliishet of the certain fusibility of malleable iron at o 
suitable temperature. 

Among tho other important results of Air. Mushet’s lifu- 
long labours, tho following may ho summarily mentioned ; 
Tho preparation of steel from bar-iron by a direct process, 
combining tho iron with carbon ; the discovery of the 
beneficial effects of oxido of manganese on iron and steel ; 
the use of oxides of iron in tlie puddling-furnace in various 
modes of appliance; the production of pig-iron fi-om the 
hlast-fumace, suitable for puddling, without the interven- 
tion of the refinery ; and tho application of the hot blasl 
to anthracite coal in iron-smelting. For the process of 
combining iron with carbon for the production of steel) 

L 2 
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Mr. Musliet 10011 out a patent in Novemlier, 1800; and 
many years after, when lie luid discovered the beneficial 
eflects of oxide of manganese on steel, Mr. Josiab Heath 
founded upon it his celebrated patent for the making of 
cast-steel, Tvhioh had the effect of raising the annual pro- 
duction of that metal in ShclBcld from 3000 to 100,000 tons. 
His application of the hot blast to anthracite coal, after a 
process invented by him and adoided by the Messrs. Hill of 
the I’ljniiouth Iron Works, South Wales, had the effect of 
producing savings equal to about 20,0001. a year at thoso 
works ; and 3’et, strange to say, Mr. Mnshot himself never 
received anj’ consideration for his invention. 

The discover}' of Titanium by Mr. Mushet in the hearth 
of a hlastrfurnace in 1794 would now be regained as a more 
isolated fact, inasmuch as Titanium was not placed in the 
list of recognised metals until Dr. Wollaston, many years 
later, ascertained Its qualities. But in connection with the 
fact, it may he mentioned that Mr. Mnshot’s yoimgcst son, 
Hohcrt, rcastming on the peculiar circumstances of the dis- 
covery in question, of which ample record is left, has 
founded ujion it his Titanium process, which is expected 
by him eventually to supersede all other methods of manu- 
fucturing steel, and to reduce veiy materially the cost of 
its production. 

IVhile he lived, Mr. Mushet was a leading authority on 
all matters connected with Iron and Steel, and he contri- 
buted largely to tbo scientific works of his time. Besides 
his papers in the PhilosopliioalJournal, he wrote the article 
■‘Iron” for Napier’s Supplement to the Encyclopedia 
Britannica ; and the articles “ Blast Fuinacc ” and “ Blow- 
ing Machine” for Eees’s Cyclopaedia. The two latter 
articles had a oonsidemblo inflnonce on the opposition to 
the intended tax upon iron in 1807, and were frequently 
referred to in the discussions on the subject in Parliament. 
Mr, Mushet died in 1847. 
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CHATTER IX. 

IirVfiNTIOS OF THE IIoT BlAST — JAMES BeAUMOHT 
Xeilson. 


“Wliil-t tin eijil'iita flf llip coLque-W aii.l the intii’ties of the deraa- 
jjn^iie .-jie f.utlifiilly fiiescivcil t)iiou:;h ft sucecssiua ot'nges, the i.er«i‘vpr- 
itig ftuil iinobtrusire ctrui ts <ii‘geuia->, develuping the Lr.'-t uf the 

Deity to in.TO, are often coii''.gncil to uUirioii.’' — /‘uc'l JffS'df. 


The exiMordinary value of tLa Black Baud iiiiiistKiic wiia 
not at first duly recognised, perliaps not even l)y Mr. Musliet 
himself. For several years after its discovery by him, its 
use was confined to the Calder Iron Vorks, where it was 
employed in mixture with other ironstones of the itrgil- 
liiccous class. It was afteru'ards partially used at the 
Clyde Iron Works, but nowhere else, a strong feeling of 
prejudice being entertained against it on the part of the 
iron trade generally. It was not until tlie year 1825 that 
the Monkland Company used it alone, without any other 
mixture than the necessary quantity of limestone for a flux, 
“The success of this Company,” says Mr. Mnshet, ‘‘soon 
gave rise to the Gartshorrio and Dimdyvan ftirnace-s, in the 
midst of which progress came the ubo of raw’ pit-coal and 
the Hot Blast — ^tho latter one of tlio greatest discoveries in 
metallurgy of the present ago, and, above every other pro- 
cess, admirably adapted for smelting the Blackband iron 
stone.” From the introduction of this process the extraor- 
dinary development of the iron-manufacture of Scotland 
may he said to date ; and wo accordingly propose to de- 
vote the present chapter to an accormt of its meritorions 
inventor. 

Jiimes Beaumont Xeilsun was bom at Shettkston, a 
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roadside village about three miles eastward of Oliiagow, on 
the 22iid if June, 1792. His parents belonged to the 
worlcing class. His father’s earnings during many laborious 
years of his life did not exceed sixloon shillings a week. 
He had been bred to the tmlo of a niill-wtiglit, and was for 
some time in the oinisloyment of Hr. Uocbiiek as an onginu- 
wright at his colliery near Boroughstoness. lie was iioxt 
employed in a like capacity by Mr. Beaumont, the mineral- 
manager of the collieries of Mi’s. Cunningham of Lain- 
sliaw, noar Irvine in Aynshire; after which ho was ap- 
pointed cnginc-mighl at Ayr, and subsequently at tho 
Govan Coal W’oiks near Glasgow, where he remained until 
his death. It was while working at tho Iiwine Works that 
ho first became acquainted with his future wife, Marion 
Smith, the daughter of a Eenfrewshire bleacher, a woman 
remarkable through life for her clover, managing, and 
industrious habits. She had tho oharge of Mrs. Cunning- 
ham's children for some time after tho maniago of that 
lady to Mr. Beaumont, and it was in comjfiiment to her 
former mistress and her husband that she named hor 
youngest son James Beaumont after the latter. 

Tiro boy’s education was confined to tho common olo- 
monts of reading, writing, and arithmetic, which ho partly 
acquired at tho parish school of Strathbungo near Glasgow, 
and partly at tho Chapel School, as it was called, in tho 
Gorbals at Gla-sgow, He had finally left school before 
he was fourteen. Some time before he left, he had been 
partially sot to work, and earned four shillings a wook 
by employing a port of enob day in driving a small con- 
dousing engine which his father had put up in a iioigh- 
boming quaary. After leaving school, ho was employed 
for two years as a gig hoy on one of tho winding enginos at 
the Govan colliery. His parents now considered him of fit 
age to be apprenticed to some special trade, and as Beau- 
mont had much of his father’s tostes for mechanical purauits, 
it was determined to put him approntioo to a working 
engineer. His clclor brother John was then acting as 
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engiiieman at Oalcbank near Glasgow, and Beaumont Wiis 
apprenticed under Mm to learn the trade. John was a 
person of a studious and serious turn of mind, and had been 
strongly attracted to’ follow the example of the brothers 
Haldane, who were then exciting great interest by their 
preaching throughout the North; but his father set Ms face 
agninst Ms son’s “ preaching at the bach o’ dikes,” as ho 
called it; and so John quietly settled down to Ms work. 
The engine which the two brothers managed was a very 
small one, and the master and apprentice served for engine- 
man and fireman. Hero the youth worked for iMee years, 
emplo 3 'ing Ms leisure hours in the evenings in remedying 
the defects of his early education, and endeavouring to 
acquire a knowledge of English grammai', drawing, and 
mathematics. 

On the expiry of Ms apprenticeship, Beaumont continued 
for a time to work under his brother as journeyman at a 
guinea a week; after which, in 1814, he entered the em- 
ployment of William Taylor, coal-master at Irvine, and ho 
was appointed engine-wright of the coUieiy at a salary of 
from 701. to 801. a year'. One of the improvements which 
he introduced in the working of the oolliery, while he held 
that office, was the laying down of an edge railway of cast- 
iron, in lengths of three feet, from the pit to the harbour 
of Irvine, a distance of three miles. At the age of 23 ho 
mamed Ms first wife, Barham Montgomerie, an Iivine 
Lass, with a “ tocher ” of 2501. TMs little provision was 
all the more serviceable to Mm, as his master, Taylor, 
beooming unfortunate in business, he was suddenly thrown 
out of emploj'mont, and the little fortune enabled the 
newlj'-morried pair to hold their heads above water till 
bettor days came round. They took a humble tenement, 
consisting of a room and a Mtchen, in the Cowoaddens, 
Glasgow, where their first child was bom. 

About this time a gas-work, the first in Glasgow, was 
projected, and the company having been formed, the 
directors advertised for a superintendent and foreman, to 
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v/hom they offered a “ liberal salary." Thongh. Beaumont 
had never seen gaslight before, except at the illumination 
of his father’s colliery office after the Peace of Amiens, — 
■which was accomplished in a very simple and original 
manner, wiihout either condenser, purifier, or gas-holder, — 
and though he know nothing of the art of gas-making, he 
had the courage to apply for the situation, hie was one of 
twenty candidates, and the fortunate ono; and in August, 
1817, wo find him appointed foreman of the Glasgow Gas- 
works, for five years, at the salary of 901. a yem-. Before 
the expiry of his term ho was reappointed for six years 
more, at the advanced salary of 2001., willi the status of 
manager and engineer of the works. His salary was gra- 
dually increased to 4001. a year, with a free dwelling- 
house, until 1847, when, after a faithful service of thirty 
years, during which ho had largely extended the central 
works, and erected branch works in Tradeston and Portiek, 
ho finally resigned the management. 

The situation of manager of the Glasgow Gas-works was 
in many respects well suited for the development of Mr. 
Neilson’s peculiar abilities. In the first place it afforded 
him facilities for obtaining theoretical as well as practical 
knowledge in Chemical Science, of which he was a diligent 
student at the Andersonian University, as well as of Na- 
tural Philosophy and Mathematics in their higher branches. 
In the next place it gave free scope for his ingenuity in 
introducing improvemonts in the manufacture of gas, then 
in its infancy. Ho was the first to employ clay retorts ; 
and he introduced sulphate of iron as a self-aotiug purifier, 
passing the gas through beds of oharooal to remove its oily 
and tarry elements. The swallow-tail or union jet was 
also his invention, and it has since come into general use. 

"While managing the Gas-works, one of Mr. Ncilson’s 
labours of love was the establishment aud direction by him 
of a "Workmen’s Institution for mutual improvement. 
Having been a workman himself, and expeiionced the dis- 
advantt^es of an imperfoot eduoatioi; in early Jife, as well 
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as the benefits arising from improved culture in later ycai^s, 
ho desired to impart some of these advantages to the work- 
men in his employment, who consisted c-hiefly of persons 
from remote parts of the llighlands or from Ireland, Most 
of them could not even read, and his principal diilSeulty 
consisted in persuading them that it was of any use to 
learn. For some time they resisted his persuasions to form 
a Workmen’s Institution, with a view to the establishment 
of a library, classes, and lectures, urging as a sutficicno 
plea for not joining it, that they could not read, and that 
books would bo of no use to them. At last Mr. Neilson 
succeeded, though with considerablo difSculty, in inducing 
fourteen of the workmen to adopt his plan. Each member 
was to contribute a small sum monthly, to be laid out in 
books, the Gas Company providing the members with a 
comfortable room in which they might meet to rend and 
converse in the evenings instead of going to the alehouse. 
The members were afterwards allowed to take the books 
home to road, and the room was used for the purpose of 
conversation on the subjects of the books read by them, 
and occasionally for lectures delivered by the members 
themselves on geography, arithmetic, chemisti-y, and mo- 
chanioB. Their numhers increased so that the room in 
which they mot hoeamo insufficient for their aocommoda- 
tion, when the Gas Company provided them with a new 
and larger place of meeting, together with a laboratory and 
workshop. In the former they studied practical chemistry, 
and in the latter they studied practical niechanios, making 
for themselves an air pump and on electaifying machine, as 
well as preparing the vaiioms models used in the course of 
the lectures. The efieots on the workmen wore eminently 
benefioitd, and the institution came to he cited as among 
the most valuable of its kind in the kingdom.* Mr. Neilson 
throughout watched carefully over its working, and exerted 


* Article by Dugeld Bannatpe in 9lasgow Mechanic’s Magaxint, No. 6S| 
Deo, 1824, 
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hiinsolf in all ways to promolo its usefulness, in wliich lio 
had the zealous co-opomtion of tho loading workmen them- 
selves, and the gmtitudo of all. On tho opening of the 
new and enlarged rooms in 1825, we find him delivering an 
admirable address, which was thonght worthy of republi- 
cation, together with tho reply of George iSuthorland, one 
of the workmen, in which Mr. Noilson’s exertions as its 
founder and chief supporter were gratefully and forcibly 
expi-essed.**- 

It was during the period of his connection with tho 
Glasgow Gas-works that Mr. Noilson directed his attention 
to the smelting of iron. His views in regard to the subject 
were at first somewhat crude, as appears from a paper read 
by him before the Glasgow Philosophical Society early in 
1825. It appeai-s that in tho course of the preceding year 
his attention had been called to the subject by an kon- 
makei', who asked him if ho thought it possible to purify 
the air blown into tho blast furnaces, in like manner as 
oarhurotted hydrogen gas was purified. The ironmaster 
supposed that it was tho presence of sulphur in tho air that 
caused hlast-fnmaccs to work irregularly, and to make had 
iron in the summer months. Mr. Noilson was of opinion 
that this was not the tmo cause, and he was rather dis- 
posed to think it attributable to the want of a due propor- 
tion of oxygen in summer, when tho air was more rarefied, 
besides containing moro aqueous vapour than in winter. 
He therefore thought the true remedy was in some way 
or other to throw in a greater proportion of oxygon ; and 
he suggested that, in order to dry the air, it should ho 
passed, on its way to tho fnnioeo, through two long tunnels 
containing calcined lime. But further inquiry served to 
oon-ecthis views, and eventually led him to thotruo theory 
of blasting. 

Shortly after, his attention was directed by Mr. James 
Ewing to a defect in ono of tho Muirkirk blast- furnaces, 


• &]a>gm> Ifechanio’a Magcuine, vol, iii. p. J59, 
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situated, atout Lalf a mile distant from tlio Tjlo’wiug-tngiue, 
wMcli was found not to work so well as otliors wliicli 
were situated clo.so to it. The circumstances of the case 
led Air. Neilsou to form the opinion, that, as air increases 
in Volume according to temperature, if he weie to heat 
it hr passing it through a red-hot vessel, its volume would 
ho increased, according to the well-known law, and the 
blast might thus ho enabled to do more duty in the distant 
furnace. Ho proceeded to make a series of oxj)oriments at 
the Gas-works, trying the eftbet of heated air on the illii- 
miiiatiug power of gns, by bringing up a stream of it in 
a tube so as to surround the gas-bumor. Ho found that 
by' this means the combustion of the gas was rendered 
more intense, and its illuminating power greatly iucrcased. 
He proceeded to liy a similar experiment on a eomnuiu 
smith’s fro, by blowing the fire with heated air, and the 
effect was the same ; the fire was much more hrilliaut, 
and accompanied by an unusually intense degree of boat. 

Having obtained such marked results by these small ex- 
periments, it naturally oooun-cd to him that a similar 
increase in inton.sity of combustion and temperature would 
attend the application of the process to the blast-furnaeo 
on a large scale ; but being only' n gas-maker, lie had tlie 
greatest diflieully' in persuading any ironmaster to permit 
him to make the necessary experiments with blast-furnaces 
actually at work. Besides, Lis theory was altogether at 
variance with the established practice, which was to sujiiily' 
air as cold as possible, the prevailing idea being that the 
coldness of the air in winter was the cause of the best iron 
being then produced. Acting on these views, the efforts 
of the ironmasters had always been directed to the cooling 
of tho blast, and various expedients were devised for the 
yiurpose. Thus the regulator was painted whito, as being 
the coolest colour ; the air was passed over cold water, and 
in some cases the air pipes were oven surraundod by ice, 
all with tho object of keeping tlie blast cold, IVhen, there- 
fore, Mr. Noilson proposed entirely to reverse the process, 
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and to employ Lot instead of cold blast, tbo incredulity of 
the ironmastore may ■well be imagined. Wbat 1 Neilson, 
a mere maker of gas, undertake to instruct practical men 
in tbo manufacture of iron ! And to suppose that heated 
air can be used for the purpose ! It was presumption in 
the extreme, or at best tbo mere visionary idea of a person 
altogether unacquainted with the subject ! 

At length, however, Mr. Neilson succeeded in inducing 
Mr. Ch.arles Macintosh of Crossbasket, and Mr. Colin 
Dunlop of the Clyde Iron Works, to allow him to make a 
trial of the hot air process. In the first imperfect attempts 
the air was heated to little more than 80° Fahrenheit, yet 
the results were satisfactory, and the scoriae from the fur- 
nace evidently contained less iron. He was therefore de- 
sirous of trying his plan upon a. more extensive scale, with 
the object, if possible, of thoroughly establishing the sound- 
ness of his principle. In this ho was a good deal hampered 
even by those ironmasters who wero his friends, and had 
promised him the requisite opportunities for making a fair 
trial of the now process. They strongly objected to his 
making the necessary alterations in the furnaces, and ho 
seemed to bo as far from a satisfactory experiment as ever. 
In one instance, where he had so far succeeded as to be 
allowed to heat the blast-main, he asked permission to 
introduce deflecting plates in the main or to pixt a bond 
in the pipe, so as to bring the blast moro closely against 
the heated sides of the pqco, and also increase the ai'ea ol 
heating surface, in order to raise the temperature to a 
higher point; hut this was refused, and it was said that 
if even a bend were put in the pipe the furnace would stop 
working. • These prejudices proved a serious diflSoulty in 
the way of our inventor, and several more years passed 
before he was allowed to put a bond in the blast-main. 
After many yeara of peraeveronce, he was, however, at 
length enabled to work out his plan into a definite shapo 
at the Clyde Iron Works, and its practical value was 
at once admitted- At tho meeting of the Mcofumical 
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Engineers’ Society hold in May, 1859, Mr. Ncilson ex- 
plained that his invention consisted solely in the principle 
of heating the blast between the engine and the furnace, 
and was not associated with, any particular construction of 
the intermediate heating apparatus. This, ho said, was the 
cause of its success ; and in some respects it resembled the 
invention of his countryman, James Watt, who, in con- 
nection with the steam-engine, invented the plan of con- 
densing tho .steam in a separate ve.ssel, and was successful 
in maintaining his invention by not limiting it to any par- 
ticular construction of the condenser. On the same occa- 
sion he took the opportunity of acknowledging the fiixnness 
with which the English ironmasters had stood by him when 
attempts were made to deprive him of tho benefits of his 
invention ; and to them he acknowledged ho was mainly 
indebted for the successful issue of tho severe contests he 
had to undergo. For there were, of oourae, certain of the 
ironmasters, both English and Scotch, supportem of tlio 
cause of free trade in others’ inventions, who sought to 
resist the patent, after it had coino into general use, and 
had been recognised as one of the most valuable improve- 
ments of modem times.* 

Tho patent was secured in 1828 for a term of fourteen 
years ; but, as Mr. Neilson did not himself possess the re- 
quisite capital to enable him to perfect the invention, or to 
defend it if attacked, he found it necessary to invite other 
gentlemen, able to support him in these respects, to share 
its profits ; retaining for himself only thi'ee-tcntlis of tho 
whole. His pai'tners were Mr. Charles Macintosh, Mr. Colin 


* Mr. llusliet ileacitbcd it ns “n 
wonderful disoorery,” and one of tho 
“most novel and beautiful improvo- 
ments in his time.” Profeasor Grcgoiy 
of Aberdeen charncteiized it os “the 
greatest improvement with which he 
was acqiiiilnteil.’* Mr. Jessop, an ox- 
tensive English iron mnimihutmer, de- 
nhund it tn be “ of ae gi'eat ndvniitnga 


in the iron trade ns Arkwright's nrn- 
(dilnery was in the cotton-spinning 
traile;” and Mr. Itnirbnii'n, in his con- 
tribution on '* Iron ’’ in the EVie^cfc- 
peedia Sritamica, says that it “ hns 
ctfected on enttro ravolntion in the 
iron industiy of Great Britain, nnd 
forms tiio hist era In the history ol 
this motmai.'’ 
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Dimlop, and Mr. John "Wilson of Dundyvan. Tlio charge 
made hy them was only a shilling a ton for all iron pro- 
duced by the now process; this low rate being fixed in 
order to ensure tho introduction of the patent into general 
use, as (veil as to reduce to a ininlmnni the temptations of 
the ironmasters to infringe it. 

The first trials of the ptrocess were made at tlio blast- 
furnaces of Clyde and Colder ; from whence tho nse of the 
hot blast gradually extended to the other iron-mining dis- 
tricts. In the course of a few years every furnace in Scot- 
land, with one exception (tliat at Carron), h.ad adopted the 
improvement; while it was also employed in half Iho fur- 
naces of England and Wales, and in many of the furnaces 
on the Continent and in America. In course of time, and 
with increasing experience, varions improvements were in- 
trodneed in tho process, more particularly in the shape of 
tho air-heating vessels ; tho last form adopted being that of 
a congeries of tubes, similar to the tubular anungement in 
tho boiler of tho locomotive, hy which tho greatest extent 
of heating surface was provided for tho thoi’ough heating of 
the air. By these modifications the tompwatnro of the air 
introduced into the ftrrnaee has been raised from 240° to 
000°, or the temperature of molting lend. To protect tho 
nozzlo of tho air-pipo as it entered the fnmaco against the 
action of the intense heat to wliich it was subjected, a spiral 
pipe for a stream of cold water constantly to play in has 
been introdnood within the sides of the iron tuyere tln-ough 
wliich the nozzlo piasses ; by which means the tuyere is 
kept comparatively cool, while tho nozzle of the air-pipo is 
offeotnally protected,* 

This valuable invention did not escape the usual fate of 
successful patents, and it was on sovoral occasions the 
subject of proti'aoted litigation. Tho first action ocoxuTod 
in 1832; but the objectors shortly gave in, and renewed 


* The inTcntion of the tubuhu nil- we believe, to Air, John Condie, some- 
ressds and the wntei^tiivcre boir igs, time ninn.'iger of the Blair Iron Worha, 
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tlioir lioenoo. In 1839, wlien the process hud hecome 
generally adopted throughout Scotland, and, indeed, was 
found ahsolutoly essential for smelting the peculiar ores 
of that country — ^mora especially Mushet’s Black Band — a 
powerful combination was foimed amongst the ironmasters 
to resist the patent. The litigation which ensued extended 
over five years, during which period some twenty actions 
wore proceeding in Scotland, and several in England. 
Three juries sat upon tho subject at different times, and 
on three occasions appeals were canied to the House of 
Lords. One jury trial occupied ton days, during which a 
hundred and two witnesses were examined ; the law co.sta 
on both sides amounting, it is supposed, to at least 40,0001. 
The result was, that tho novelty and merit of Mr. N eilson’s 
invention were finally established, and he was scoured in 
the enjoyment of the patent right. 

We are gratified to add, that, though Mr. Neilson had tc 
part with two-thirds of the profits of tho invention to secure 
the capital and influence necessary to bring it into genera, 
use, he realized sufficient to enable him to enjoy the evening 
of his lifo in pence and corafoi't. He retired from active 
business to an estate which ho pm’chased in 1851 in tho 
Stewartiy of Kirkcudbright, where he is found ready tc 
lend a hand in every good work — whether in ngrioultnral 
improveraout, railway extension, or the moral and social 
good of those about him. Mindful of the success of his 
Workmen’s Institution at tho Glasgow Gas-Works, he has, 
almost at his own door, erected a similar Institution for the 
use of the parish in which his property is situated, the 
beneficial effects of which have been very marked in the 
district. Wo may add that Mr. Neilson’s merits have been 
recognised by many eminent bodies — ^by the Institutiorr of 
Civil Engineers, the Chemical Society, and others — ^Ihe last 
honour conferred on him being his election as a Member of 
tho Royal Society in 1840. 

The invention of tho hut blast, in conjunction with the 
discovery of 'the Black Band ironstone, ^ had an extra- 
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ordinary effect upon the doveloiiment of tlie iron-maiiu- 
fiiotnre of Scotland, llie coals of that country are genorully 
unfft for coking, and lose as much as G5 per cent, in the 
process. But by using the hot blast, the coal could be sent 
to the blast-furnace in its raw state, by which a large 
saving of fuel was effected.* Even coals of an inferior 
quality were by its means made available for the manu- 
facture of iron. But one of the peculiar qualities of the 
Black Band ironstone is tlrnt in many cases it contains 
sufficient coaly matter for purposes of calcination, without 
any admixturo of coal whatever. Before its discovery, all 
the iron manufactured in Scotland was made from clay- 
band; but the UBo of the latter has in a great measure 
been discontinued wherever a sufficicut sripply of Black 
Baud can bo obtained. And it is found to exist very ex- 
tensively in most of tbo midland Scotch counties, — the 
coal and iron measures stretching in a broad belt from 
Iho Pirlh of Forth to tho Irish Channel at the Eirth of 
Clyde. At the time when llio hot blast was invented, the 
fortunes of many of the older woiks were at a low obb, 
and several of them bad been discontinued ; but they were 
speedily brought to life again wherever Black Baud could 
be found. In 1820, tbo year after hfeilsou’s p.atont was 
taken out, tbo total make of Scotland was 20,000 tons. As 
fi-Qsh dlscovorics of tlio mineral wore mado, in Ayrshire and 
Lanarkshire, new works wore orootod, until, in 1845, wo 
tiud the production of Scotch pig-iron had increased to 


* Mr. Miislict says, “ Tho gie-ilest 
produce in iion per flirnace with the 
liJack liiind anil cold blast never ex- 
ceoloil SO tons a-wceb. The produce 
]«!’ furaaoe now averages 90 tons a- 
■wcek. Ten tons of this I attribute to 
tho use of raw pit-coal, and the other 
twenty tons to the use of hot blast. ” 
^Pttjiers on /ran and Steel, 137.] 
The produce per furnace is now 200 
tons n-wcek and upwards. 

The hot blast pmess was aiterwnrds 


applied to the making of iron witli the 
nutbrncite or stoiio coal of Woles ; for 
which a patent was taken out by 
Gooigo Crane in 180G. Before the 
hoe Dinst was introduced, anthracite 
coal would not act as fuel in the hlast- 
fui-nncc. When put in, it merely hnd 
the clfrot of putting the lire out. 
With the aid of the liot blast, how- 
erer, it now proves to be a most 
valuable ibel in smelting. 
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475,000 tons. It lias sinoo increased to upwards of a 
million of tons, ninoteen-twontieths of wliicli are mado 
from Black Band ironstone.* 

Employment has thus been given to vast numbers of 
our indnstrial population, and the wealth and resources of 
the Scotch iron districts have been increased to an extra- 
ordinary extent. During the last year there were 125 
furnaces in blast throughout Scotland, each employing 
about 400 men in making an average of 200 tons a-week; 
and the money distributed, amongst the workmen may 
readily be computed from the fact that, under the most 
favourable oircumstances, the cost of making iron in wages 
alone amounts to 36s. a-ton.f 
An immense additional value was given to all land in 
which the Black Band was found. Mr. Mnshet mentions 
that in 1839 the proprietor of the Airdrie estate derived 
a royalty of 16,5001. fi-om the mineral, which had not before 
its discovery yielded him one fai-thing. At the same time, 
many foitunes have been made by pushing and energetic 
men who have of late years entered upon this new branch 
of industiy. Amongst these may be mentioned the Bairds 
of Gartsherrie, who vie with the Guests and Orawshaj'S of 
South Wales, and have advanced themselves in tho courso 
of a very few years from the station of small farmers to that 
of great capitalists owning estates in many counties, hold- 
ing the highest character as commercial men, and ranking 
among the largest employers of labour in tho kingdom. 


* It is BtahsI in tlie iVurl/i Sritish 
jRevita for Nor. 1S45, that “As in 
Scotland every furnace — with tho ex- 
ception of one at Can'on — now uses 
the hot blast, tho saving on our present 
prodnoe of 400,000 tons of pif^iron is 
2,000,000 tons of coals, 200,000 tons 
of limestone, and £850,000 sterling per 
annom.'’ Dut os the Scotch produce 


is now .above n million tons of pig-iron 
a year, the ohove Ogurea will have to 
be multiplied by 2^ to give the present 
annual savings. 

f Papers read by Mr. Ralph Moore, 
Mining Engineer, Glasgow, before the 
Royal Scottish Society of Arts, Edin. 
1861, pp. 13, 14. 
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CHAPTER X. 

MEOHAwaAL Intbotions and IirVENTOnS. 


*' L'invcntiou n'oit-eUc pus la pcK&ic dr hi suienrc ? , , , Toiitcs lea 
grandes ddcourertea porteat arec dies la trace iuolllifablc d'uiie pcnide 
podtiqiia. II faut dtrc po&tc pour order. Aussi, sommes-uous canvaincus 
quo si lea puissantcs machines, vdritable source de In production ct de 
I'induatrie de nos jours, doirent rcceroir dea modifications radicales, ce 
sera A des hommea d’imnginatian, at non point ii dea hommes purement 
apdoiaux, que Ton devra cette transfomatton,’* — M, Bataille, Traiti 
deaMachmea h T'iipcur. 


Tools have played a highly important pait in the histoi^ 
of civilization. Without tools and the ability to use them, 
man were indeed but a “poor, bare, forked animal,” — 
worse clothed than the birds, worse boused than the beaver, 
worse fed than the jackal. “ Weak in himself," saj's 
Carlyle, “ and of small stature, he stands on a basis, at 
most for the flattest-soled, of some half square foot, inse- 
curely enough j has to straddle out his logs, lest the very 
wind supplant him. Feeblest of bipeds I Three quintals 
are a crushing load for him; the steer of the meadow 
tosses him aloft Hike a waste rag. Nevertheless he can 
use tools, can devise tools ; with these the granite moun- 
tain melts into light dust before him ; he kneads glowing 
iron as if it were soft paste ; soas are hie smooth highway, 
winds and fire his unvarying steeds. Nowhere do you 
And him without tools : without tools he is nothing ; with 
tools he is all.” His very first contrivances to support 
life were tools of the simplest and rudest construction ; and 
his latest achievements in the substitution of machinery 
for the relief of the human hand and intellect are founded 
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on the use of tools of a still higliei' order. Hence it is not 
without good reason that man has by some philosophcra 
been defined as a tool-making animal. 

Tools, like everything eke, had small beginnings. "With 
the primitive stone-hammer and chisel very little could he 
done. The foiling of a tree would occupy a workman a 
month, unless helped by the destructive action of fii-e. 
Dwellings could not be built, the soil could not be tilled, 
clothes could not bo fashioned and made, and the hewing 
out of a boat was so tedious a process that the wood must 
have been far gone in decay before it could he launched. 
It was a great step in advance to discover the art of 
working in metals, more especially in steel, one of the few 
metals capable of taking a sharp edge and keeping it. 
From the date of this discovery, working in wood and 
stone would be found comparatively easy ; and the results 
must speedily have been felt not only in the improvement 
of man’s daily food, but in his domestic and social condition. 
Clothing could then be made, the primitive forest could be 
cleared and tillage carried on; abundant fuel could be 
obtained, dwellings erected, ships built, temples reared; 
every improvement in tools marking a new step in the 
development of the human intellect, and a fmther stage in 
the progress of human civilization. 

Tire earliest tools were of the simplest possible character, 
consisting principally of modifications of the wedge ; such 
as the knife, the shears (formed of two knives working on 
a joint), the chisel, and the axe. These, with the primitive 
hammer, formed the principal stock-in-trade of the early 
mechanics, who were handicraftsmen in the literal sense of 
the word. Bnt the work which the early craftsmen in 
wood, stone, brass, and iron, contrived to execute, sufiSoed 
to show how much, expertness in the handling of tools will 
serve to compensate for their meohanical imperfections. 
Workmen then sought rather to aid musoular strength 
than to supersede it, and mainly to feoilitate the efforts of 
manual skill. Another tool became added to those men> 

w 2 
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tioixed auove, whiclx proved an iidditional Boxirce of power 
to tile workmau. We mean the Saw, whioli was considered 
of so mncli importance that its inventor was honoured 
with a place among the gods in tho mythology of the 
Grucks. This invention is said to havo been suggested by 
tho aiTangoment of the teeth in the jaw of a serpent, used 
by Talus the nephew of Doedalua in dividing a piece of 
wood. From tho representations of ancient tools found in 
the paintings at Herculaneum it appears that the frame- 
saw used by the ancients voiy nearly resembled that still 
in use ; and we are informed tliat the tools employed in 
the cai'pontors’ shops at Nazareth at this day are in most 
respects the same as those represented in tho buried Eoman 
city. Another very ancient tool referred to in tho Bible 
and in Homer was the Ffle, which was used to sharpen 
weapons and implements. Thus the Hebrews “ hud a file 
for tho mattocks, and for tho coulters, and for the forks, 
and for the axes, and to sharpen tho goads.’’* "When to 
these wo add the adze, plane-irons, the auger, and tho 
chisel, we sum up the tools principally relied on by the 
early meohauics for working in wood and iron. 

Snell continued to be the chief tools in use down almost 
to our own day. The smith was at first the principal tool- 
maker ; hut special hranchos of trade wei’o gradually esta- 
blished, devoted to tool-making. So long, however, as 
the workman relied mainly on his dexterity of hand, the 
amount of production was comparatively limited ; for the 
number of skilled workmen was but small. Tho artiolos 
tamed out by them, being the product of tedious manual 
labour, were too dear to come into common use, and weio 
made almost exclusively for tho richer classes of tho 
community. It was not until machinery had been in- 
vented and become generally adop)lcd that many of tho 
ordinary articles of necessity and of comfort were pi’oduood 
in sufficient abundance and at such prices os enabled them 


* 1 Sainue)| cb. 5lU« r. 21* 
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to enter into the oonsumption of the great body of the 
people. 

But every improver of tools had a long and difficult 
battle to fight; for any improvement in their effective 
pourer was sure to touch the interests of some establidied 
craft. Especially was this the case with machines, whiolt 
are but tools of a more complete though complicated kind 
than those above described. 

Take, for instance, the case of the Saw. Tlie tedious 
drudgery of dividing timber b}' -the oldfashioned hand-saw 
i.s well known. To avoid it, some ingenious person sug- 
gested that a number of saws should bo fixed to a frame 
in a mill, so contrived as to work with a reciprocating 
motion, upwards and downwards, or backwards and for- 
wards, and that this frame so mounted should bo yoked to 
the mill wheel, and the saws driven by the power of wind 
or water. The plan was tried, and, as may readily be ima- 
gined, the amount of effeotivo work done by this maohine- 
saw was immense, compared with the tedious process of 
sawing by hand. 

It will bo observed, however, that the now method must 
have seriously interfered with the labour of the hand- 
sawyers ; and it was but natural that they should regal'd 
the establishment of the saw-mills with suspicion and 
hostility. Hence a long period elapsed before the hand- 
Bowyers would permit the new machinory to be set up 
and worked. The first saw-mill in England was erected 
by a Dutchman, near London, in 1063, hut was shortly 
abandoned in consequence of the determined hostility of 
the workmen. More than a century passed before a second 
saw-mill was set up; when, in 1767, Mr, John Houghton, 
a London timher-merohnnt, by the desire and with the 
approbation of the Society of Arts, ereoted one at Limo- 
honse, to he driven by wind. The work was directed by 
one James Stansfield, who had gone over to Holland for the 
purpose of learning the art of oonstruoting and managing 
the sawing maohineij'. But the inill was no sooner eredwl 
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than a mob assemblod and razed it to the ground. The 
principal rioters having been punished, and the loss to the 
proprietor having been made good by the nation, a new 
mill was shortly after built, and it was suffered to worlr 
witliout further molestation. 

Improved molhoda of manufacture have xisually had to 
encounter the same kind of opposition. Thus, when the 
Flemish weavers oame over to England in the seventeenth 
century, bringing with them their still and their industry, 
they excited great jealousy and hostility amongst tho 
native workmen. Their oompotition as worlanen was 
resented as an injury, but their improved machinoiy xvas 
regarded as a far greater source of misohief. In a memo- 
rial presented to tho king in 1621 we find the London 
weavers complaining of tho foreigners’ competition, but 
especially that “ they have made so bonld of late os to 
devise en^nes for working of tape, laoe, ribbin, and such 
like, wherein "one man doth more among them than 7 
Englishe men can doe; so as their cheap sale of commo- 
dities beggereth all our Englishe artificers of that trade, 
and onrioheth them.”* 

At a much more recent period new inventions have had 
to encounter serious rioting and machine-brooking fury. 
Kay of the fly-shuttle, Hargi-eavos of tho spinning-jenny, 
and Arkwright of tho spinning-frame, all had to fly from 
Lancashire, glad to escape with their lives. Indeed, says 
Mr. Bazley, “ so jealous were tho people, and also ihe 
legislature, of everything calculated to supersede men’s 
labour, that when the Sankey Canal, six miles long, near 
Warrington, was authorized about the middle of last cen- 
tury, it was on the express condition that the boats plying 
on it should bo drawn by men onlyl”f Even improved 
agricultural tools and maobiues have had the same oppo- 


* State Papers, Pom, 1021, YoU 
88, No. 112. 
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fdtion to onootinter; and in our ow time bands of rural 
labourers have gone from fam to farm brooking drill- 
plouglis, winno'wing, threabing, and other machines, down 
even to the common drills, — not percoiving that if their 
policy had proved successful, and tools could have been 
efifootually destx'oyod, the human race would at once have 
been reduced to their teeth and nails, and civilization 
summarily abolished.* 

It is, no doubt, natural that tire oixUnaiy class of work- 
men should regard with prejudice, if not rvith hostility, 
the introduction of machines calculated to place them at 
a disadvantage and to interfere with their usual employ- 
ments ; for to poor and not very far-seeing men the loss of 
daily bread is an appalling prospect. But invention does 
not stand still on that account. Human brains uill work. 
Old tools aro improved and new ones invented, super- 
seding existing methods of production, though the weak 
and nnskilled may occasionally he pushed aside or even 
trodden under foot. The consolation which remains is, 
that while the few suffer, sociely as a whole is vastly bene- 
fited by tbe improved methods of production which are 
suggested, invented, and perfected hy the experience of 
successive generations. 

The living race is the inheritor of the industry and skill 
of all past times ; and the civilization we enjoy is but the 
sum of the useM effects of labour during the past ces. 


* Dr. KIrwan, Into I’roaidout of 
the Rnynl L-ish Aoademy, who liad 
imrelled mneh on the continent of 
Europe, used to relate, when speaking 
of the difficulty of intivdocing im- 
proremonia in the arts and manufao- 
tuivs, and of the piujadiccB enteitiiined 
lor old practices, that, in Normandy, 
the farmers had been so long acciu,- 
tomed to the use of ploughs whose 
shares were made entirely of mod that 
they could not be pret'ailcd on to tnahe 
trial of those with firm; tliat th^ 


considci'eJ them to be an idle and use- 
less inuoration on tlie long-established 
practices of their ancestors; and that 
tlioy can'ied these prejudices so far as 
to ibree Uie goremment to issue an 
edict on the subject. And even to the 
lost they weir! so ohsUnate in their 
attachment to plouglis^i'es of wood 
that a tumultuous opposition was 
made to the enforcement of the edict, 
which ist a short time threatened a 
rebellion in the province.— Pabher, 
Chemieal Eaxiy), 4th Ed. 473. 
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tni'ies. Nihil per saltum. By slow and often painful steps 
Nature’s secrets have been mastered. Not an eftort has 
heou made but has had its influence. For no human laboui 
is altogether lost ; some remnant of useful effect surviving 
for the benefit of the race, if not of the individual. Even 
attempts apparently useless have not really been so, but 
have served in some way to advance man to higher know- 
ledge, skill, or discipline. “ The loss of a position gained," 
says Professor Thomson, “is an event unknown in the 
histoiy of man’s stiniggle with the forces of inanimate 
nature.” A single step won gives a firmer foothold for 
further effort. The man may die, but the race survives 
and continues the work, — to use the poet’s simBo, mouutiug 
on stepping-stones of dead selves to higher solves. 

Philar^te Ohasles, indeed, holds that it is the Human 
llaco that is your true inventor : " As if to unite all gene- 
rations,’’ he says, “ and to show that man can only act 
ofBciently by association others, it has been ordained 
that each inventor shall only interpret the first word of 
the problem he sets himself to solve, and that every greiiL 
idea shall be the resume of the past at the same time that 
it is the germ of the future.” And rarely does it happen 
that any discovery or invention of iinportanoo is made by 
one man alone. The threads of inquiry are taken up and 
traced, one labourer succeeding another, each tracing it a 
little further, often without apparent result. This goes 
on sometimes for centuries, until at length some man, 
gi-eater perhaps than his fellows, seeking to ftdfil the 
needs of his time, gathers the various threads together, 
treasures np the gain of past snooessos and failures, and 
uses them as the means for some solid achievement. Thus 
Newton discovered the law of gravitation, and thus James 
Watt invented the steam-engine. So also of the loco- 
motive, of which Robert Stephenson sold, “ It has not been 
the invention of any ono man, hut of a race of meohonioal 
engineers.” Or, as Joseph Bi-amah observed, in the pre- 
amble to his second Look patent, “Among the number 
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of pafents gi’anted there are comparatively few which can 
be called original, bo that it is difScult to say where the 
boundary of one ends and where that of another begins.” 

The arts are indeed reared but slowly; and it was a 
wise observation of Lord Baeon that wo are too ajit to 
pass those ladders by which they have been reared, and 
reflect the whole merit on the last new performer. Thus, 
what is hailed as an original invention is often found to bo 
but the result of a long succession of trials and experiments 
gradually following each other, which ought rather to bo 
considered as a continuous series of achievements of the 
human mind than as the conctueat of any single individual. 
It has sometimes taken centuries of experience to ascertain 
the value of a single fact in its various bearings. Like 
man himself, exporienoe is feeble and apparently purpose- 
less in its infancy, but apqniina maturity and strength with 
age. Experience, however, is not limited to a lifetime, 
but is the stored-np wealth and power of our race. Even 
amidst the death of successive generations it is constantly 
advancing and accumulating, exhibiting at the same time 
tho weakness and the power, the littleness and the great- 
ness of onr common humanity. And not only do we who 
live succeed to tho actual results of our predecessors’ 
labours, — ^to their works of learning and of art, their in- 
ventions and discoveries, their tools and machines, their 
roads, bridges, canals, and railways, — but to the inhom 
aptitudes of blood and brain which they bequeath to ns, — 
to that “ oducability,” so to speak, which has been won 
for us by tho labours of many generations, and forms our 
richest natural heritage. 

The beginning of most inventions is very remote. Tho 
flint idea, bom within some unknown brain, passes thence 
into others, and at last comes forth complete, after a pai-tu- 
rition, it may be, of centuries. One staits the idea, another 
devolopes it, and so on progressively until at last it is ela- 
borated and worked out in practice ; bntfhe flrst not less 
than the last is cntitlod to his share ip the merit of the in- 
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venlioH, ■weie it only possible to measure and apportion it 
duly. Somotimns a great original mind strikos upon some 
now vein of hidden power, and gives a powerful impulse to 
the inventive faculties of man, which lasts through gene ■ 
rations. More frequently, however, inventions are not 
entirely now, but modifications of contrivances previously 
known, though to a few, and not yet brought into practical 
use. Glancing back over the history of mechanism, we 
occasionally see an invention seemingly full born, when 
suddenly it drops out of sight, and wo hoar no more of it 
for centrn'ies. Tt is taken up de novo by some inventor, sti- 
mulated by the needs of his time, and falling again upon 
the ti-aok, he recovers tho old footmarks, follows them up, 
and completes the work. 

There is also such a thing as inventions being bom before 
their time — the advanced mind of one generation projecting 
that which cannot be executed for want of the requisite 
means ; but in duo process of time, when mechanism has 
got abreast of the original idea, it is at length carried out ; 
and thus it is that modem inventors am enabled to effect 
many objects which their predecessors had tried in vain to 
accomplish. As Louis Napoleon has said, “ Inventions bom 
before then’ time must remain useless until the level of 
common intellects rises to comprehend them.” For this 
reason, misfortime is often tho lot of the inventor before his 
time, though glory and profit may belong to his successors. 
Hence tho gift of inventing not unfrequontly involves a 
yoke of sorrow. Many of the greatest inventors have lived 
neglected and died unrequited, before their rnorits could be 
recognised and estimated. Even if they succeed, they often 
raise up hosts of onemies in the persons whoso methods 
they propose to supersede. Envy, malice, and detraction 
meet them in all their forms; they am assailed by combina- 
tions of rich and unscrupulous persons to wrest from them 
the profits of their ingenuity ; and last and worst of all, the 
successful inventor often finds his claims to originality de- 
cried, and himself branded as a copyist and a ph-ate. 
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Among the inventions bom out of time, and before the 
world could make adequate use of them, we can only find 
space to allude to a few, though they are so many that one 
IS almost disposed to accept the words of Chaucer as true, 
that “ There is nothing now but what has once been old 
or, as another writer puts it, “ There is nothing new but 
what has before been known and forgotten;” or, in the 
words of Solomon, “ The thing that hath been is that which 
shall be, and there is no new thing under the stm.” One 
of the most impoitant of these is the use of Steam, whJed) 
was Avell Itno^vn to the anoients ; but though it was used 
to gi’ind dmgs, to turn a spit, and to excite the wonder and 
fear of the credulous, a long time elapsed before it became 
employed as a useful motive-power. The inquiries and 
experiments on the subject extended through many age.s. 
Friar Bacon, who flourished in the thirteenth centuiy, 
seems fully to have anticipated, in the following remark- 
able passage, nearly all that steam could accomplish, as 
well as the hydraulic engine and the diving-hell, though 
the flying machine yet remains to he invented : — 

“ I will now,” says the Friar, “ mention some of the 
wonderful works of art and nature in which there is nothing 
of magio, and which magic could not perform. Instruments 
may ho made by which tlie largest ships, with only one 
man guiding them, will he carried with greater velocity 
than if they were full of sailors. Chariots may he con- 
structed that will move with incredible rajjiditj', without 
the help of animals. Inalnunents of flying may ho formed, 
in which a man, sitting at his ease and meditating on any 
subject, may beat tho air with his artificial wings, after 
the manner of birds. A small instrument may bo made to 
r-aise or depress the greatest weights. Arr instrument may 
be fabricated by which one man may draw a thousand men 
to him by force and againsi their will ; as also machines 
which will enable men to walk at the bottom of seas or 
rivers without danger.” 

It is possible that Friar Bacon derived his knowledge 
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of the powera •whioh ho thus doscrihed from tlio trtiditlone 
handed down of foimor inventions whioh had been neglected 
and allowed to fall into oblivion; for before the inven- 
tion of printing, whioh enabled the results of investiga- 
tion and experience to be treasured up in boohs, there 
was great risk of the inventions of one ago being lost to 
the succeeding generations. Yet Disraeli the elder is of 
opinion that 'the Homans had invented ininting without 
being aware of it ; or perhaps the senate dreaded the incon- 
veniencoa attending its use, and did not care to deprive a 
largo body of scribes of tlioir employment. They oven used 
stereotypes, or immovable printing-iypes, to stamp impres- 
sions on their pottery, specimens of whioh still exist. In 
China the art of printing is of great antiquity. Litho- 
graphy was well known in Germany, by the very name 
whioh it still bears, nearly throe hundred yearn before 
Senefelder reinvented it ; and speoimona of the ancient art 
are yet to be seen in the Royal Museum at Munich.* 

Steam-locomotion, by sea and land, had long been dreamt 
of and attempted. Blasco de Garay made his experiment in 
the harbour of Barcelona as early as 1543; Denis Papin 
made a similar attempt at Cassol in 1707 ; but it was not 
until Watt had solved the problem of the stoam-engino that 
the idea of the stoam-boat could bo developed in practice, 
which was done hy Miller of Dalswinton in 1788. Sagos 
and poets have frequently foreshadowed inventions of great 
social moment. Thus Dr. Darwin’s anticipation of the 
locomotive, in his Botanic Garden, published in 1791, before 
any locomotive had heeu invented, might almost he re- 
garded as prophetic : — 

Soon shall thy arm,' uncoRquerod Steam 1 afar 

Drag the slovr barge, and drivo Sic rapid car. 

Denis Papin first throw out the idea of atmospheric loco- 
motion; and Gauthey, anothor Frenchman, in 1782 pro* 


* Edouabd Foorhtbb, Vleax-Neuf, 1, 339. 
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jeoted a mothod of convoying parcels and moiclianJiso by 
subterraneous tubes,* after tbe method recently patented 
and brought into operation by the London Pneumatic 
Despatch Company. The balloon was an ancient Italian 
invention, revived by Mongolfier long after the original 
had been forgotten. Even the reaping machine is an old 
invention revived. Thus Bamabe Googe, the translator of 
a book from the German entitled ‘ The whole Arte and 
Trade of Husbandrie,’ published in 1 577, in the reign of 
Elizabeth, speaks of the reaping-machine as a worn-out in- 
vention — a thing “ which was woont to be used in France. 
The device was a lowe kinde of caiTe with a couple of 
whoeles, and the frunt armed with sharpo syckles, whicho, 
forced by the beaste through the come, did cut down al be- 
fore it. This tricke,” says Googe, “ might be used in levell 
and champion oountreys ; but with us it wolde make but 
ill-favoured woorke.” f The Thames Tunnel was thought 
an entirely new manifestation of engineering genius; 
but the tunnel under the Euphrates at ancient Babylon, 
and that under the wide mouth of the harbour at Marseilles 
(a much more difficult work), show that the ancients were 
beforehand with us in the art of tunnelling. Macadamized 
reads are as old as the Homan empire; and suspension 
bridges, though comparatively new in Europe, have been 
known in China for centuries. 

There is every reason to believe — ^indeed it seems clear — 
that the Homans know of gunpowder, though they only 
used it for purposes of fireworks ; while the secret of the 
destructive Greek fire has been lost altogether. "Wherr 
gunpowder came to be used for purposes of war, invention 
busied itself upon instruments of destruction. Wheu re- 
cently examining the Museum of the Ai’senal at Venice, we 
were surprised to find numerous weapons of the fifteenth 
and sixteenth centuries embodying the most recent English 


* M^moirea da I’Amddmie dcs t iUrmar’s Magatme, 1S17, No. 
Soicnces, 6 Feb. 1826. txxi. 291. 
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improvemenls in arms, sncli as revolving pistols, jifled 
muskots, and breech-loading cannon. The latter, embody- 
ing Sir William Ai'instrong’s modern idea, thongb in a rude 
form, had been fished wj] from the bottom of the Adriatic, 
Avhere the ship armed -with them had been sunk hundreds 
of ycaiu ago. Even Perkins’s steam-gun was an old in 
vontiou revived by Leonai’do da Vinci, and by him attri- 
buted to Archimedes.* The Congi-ove rocket is said to 
have an Eastern origin. Sir William Congrove having ob- 
served its destructive effects when employed by the forces 
under Tippoo Saib in the Mahratta war, on which ho 
adopted and improved the missile, and brought out the in- 
vention as his own. 

Qoal-gas was regularly used by the Chinese for lighting 
purposes long beforo it was known amongst us. Hydro- 
pathy was generally practised by the Romans, who esta- 
blished baths wherever they went. Even chloroform is no 
new thing. The use of ether as an anaisthotio was kno^vn 
to Albortus Magnus, who flourished in the thirteenth cen- 
tury ; and in his works he gives a recipe for its prepara- 
tion. In 1G81 Denis Papin pnhlishod his J’raitd des Opira- 
tions sans Douhm', showing that ho had discovered methods 
of deadening pain. But the use of ancesthotics is much 
older than Alhertus Magnus or Papin ; for the ancients 
had their nepenthe and mandragora; the Chinese their 
mayo, and the Egyptians their haohisch (both preparations 
of Cannabis Indioa), the effecds of which in a great measure 
resemble those of chlorofoim. What is perhaps still more 
BUTprising is the cirenmatonoe that one of tho moat elegant 
of recent inventions, that of sun-painting by the d.agueiTeo- 
type, was in the fifteenth century known to Leonardo da 
Vinci, ']■ whoso skill as an architect and engmver, nnd whoso 
Bcoomplishmonts as a chemist nnd natural philosopher, have' 
been almost entirely overshadowed by his genius os a 


• Vitwe-lienf, i. 228 ; hwenta t Vicux-Umf, i. 19. .See also /«■ 
IHna-Jbiiijaa, 743. vmia S^ova’Antiepia, 803. 
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painter.* ITio idea, thus early born, lay in cblmon until 
17G0, when the daguerreotype was again clearly indicated 
in a book published in Paris, written by a certain Tiphanie 
de la Eoche, under the anaginmmatio title of Giphantie. Still 
later, at the beginning of the present century, we find 
Thomas Wedgwood, Sir Humphry Davy, and Janies Watt, 
lualdng' experiments on tlie action of light upon nitmto 
of silver ; and only within the last few montlis a silvered 
oopper-plato has boon found amongst the old household 
lumber of Matthew Boulton (Watt’s partner), having on it a 
representation of the old premises at Soho, apparently taken 
by some such process, f 

In like manner the invention of the eleotiic telegraph, 
supposed to be exclusively modern, was clearly indicated 
by Schwenter in his DSlassements Physico-MatMmatiqms^ pub- 
lished in 1G3C and ho there pointed out how two indivi- 
duals could communicate with each other by means of the 
magnetic needle. A oentuiy later, in 1746, Le Monnior 
exhibited a series of experiments in the Boyal Gardens at 
Paris, showing how electricity could be ti'ansmitted through 
iron wire 950 fathoms in length; and in 1763 we find one 
Charles Marshall publishing a remarkable description of 
the electric telegraph in the Scots If<zgawie, under the title 


* Ml'. Hallam, in his iniroduetton 
to ilia History of Hurope, pronounces 
the following remarkable enlogium on 
this extraordinary genius: — "If any 
doubt could be Inacboured, not only ne 
to the right of Leonardo da Yinci to 
stand os Sis Hist name of the fifteenth 
century, which is b^ond all doubt, 
but as to his originality in so many 
dlscoTuries, which probably no one 
man, especially in such circumstances, 
has over mode, it must be on an 
hypothesis not very untenable, thnt 
somi parts of physical soiencs hud 
already attained a height which mere 
books do not record." " Unpublished 
MSS. by Leonardo centoin discorerirs 
and anticipations of diacoreries,” says 


Mr. Hnllam, “ witliin tne compass ot 
a few pages, so ns to strike us with 
Bomctliing liketheaweofpreternatnml 
knowledge." 

f The plate is now to be seen at 
the Museum of Patents nt South Ken- 
sington. In the account which has 
been published of the above discovery 
it is stated that " an old man of ninety 
(recently dead or still olive) recollected, 
or recollects, that Watt and otheis used 
to tnkopoi’traits of people in n dark (?) 
room; and there is a letter extant 
of Sir William Bccch^, begging the 
Lunar Society to desist ti'om uiesc ex- 
periments, as, were the process to eno* 
coed, it would ruin portrait-pointing." 
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of ‘ An expeditious Method of conveying Tulolligcnoc.’ 
Again, in 1760, vro find George Louis Lesage, profushor of 
mathematics at Geneva, promulgating his invention of an 
olootrio telegraph, which he oventnally comj)lotcd and sot 
to work in 1774. This instrument was composed of twenty- 
four metallic wires, separate from each other and enclosed 
in a non-conducting suhstance. Each wire ended in a 
stalk mounted with a little ball of elder-wood suspended 
by a silk thread. "When a stream of electricity, no matter 
how slight, was sent through the wire, the oldur-ball at the 
oj) 2 i'^sit 6 end was roiJeUod, such movement designating some 
letter of the alphabet. A few years later wo find Arthur 
Young, in his Trawls in France, dcsoribing a similar machine 
invented by a M. Lomond of Paris, tho action of which he 
also describes.* In these and similar oases, though tho idea 
was born and the model of the invention was actually made, 
it still waited tho advent of the soientiflo mechanical in- 
ventor who should bring it to perfection, and embody it 
in a practical working foim. 

Some of tho most valuable Inventions have descended to 
us without the names of their authors liaving been pre- 
served. Wo are tho iiihoritors of an immense legacy of the 
results of labour and ingenuity, but wo know not the names 


• “ I fitli Oct. 1787. Ill tho evening 
tn M. Lomonil, a reiy iugeiiiotis luid 
inventive mechimic, who lins made nn 
inipcovcineiit of the jenny for epiniiing 
cotton. Common machines nre said 
to make too hard n thread for certain 
inbrlca, but this forms it loose and 
spongy. In electilcity he has mode a 
remorlmble discoreiy: you write two 
or three words on a paper ; he takes it 
with him into a room, and turns n 
machine inclosed in a cylindrical case, 
at tho top of which is an electrometer, 
a small line pith ball ; a wire connects 
with n similar cylinder .and eketro- 
matec in n distant apartment ; and his 
Wife, by remarking the corresponding 


motions of tho hull, writes down tlie 
woi'ds they indicate; from wiilch It 
appears that he has formed an alphabet 
of motions. As the length of tlie wire 
makes no diflercnce in the elTect, a cor- 
respondenco might bo carried on at any 
distance: within and witliout a be- 
sieged town, for instance ; or for a 
poi'pose much more worthy, and a 
thousand times moie harmless, be- 
tween two lovers prohibited or pre- 
vented from any hotter connexion, 
Whatever the use may he, the in- 
vention la benutifiil." — Arthur Young’s 
Travels in Franco in 1787-8-9. Lon- 
don, 1799, dto. ed. p '5. 



CHiP. X. NAMES OF SOME INVENTORS LOST 


177 


ef our tonefaotoi’a. Who JUTentecl the wafch as a measurer 
Who invented the fast and loose pulley? Who 
invented the eccentric ? WTio, asks a mechanical in- 
quirer,* •• “invented the method of cutting screws with 
stocks and dies ? "Wlioever ho might he, he was certainly 
a great henofactor of his species. Tet (adds the writer) 
his name is not known, though the invention has keen so 
recent.” This is not, however, the case with most modern 
inventions, the greater number of which are more or loss 
disputed. Who was entitled to the merit of inventing 
printing has never yet been determined. Weber and Sene- 
felder both laid claim to the invention of lithography, 
though it was merely an old German art revived. Even 
the invention of the penny-postage system by Sir Eowland 
Hill is disputed ; Dr. Gray of the British hluseum claiming 
to be its inventor, and a French writer alleging it to be an 
old French invention.f The invention of the steamboat 
has been claimed on behalf of Blasco do Garay, a Spaniard, 
Papin, a Frenchman, Jonathan Hulls, an Englishman, and 
Patrick Miller of Dalswinton, a Scotchman. The inven- 
tion of the spinning machine has been variously attributed 
to Paul, Wyatt, Hargreaves, Higley, and Arkwright. Tlio 
invention of the balance-spring was claimed by Huyghens, 
a Dutchman, Hautefenille, a Frenchman, and Hooke, an 
Englishman, Tliere is scarcely a point of detail in the 
locomotive but is the subject of dispute. Thus the inven- 
tion of the blast-pipe is claimed for Truvithiok, George 
Stephenson, Goldsworthy Gurney, and Timothy Hackwoith ; 


* ITcchanic's Magaiiac, 4fh Feb, 
ISriS. 

t A writer in the J/onifc enjs 

•• The mvdntion of postage-stamps ii 
&r from being so moilcru as is gene- 
rally supposed. A postal rega£tion 
Sn Franca of the year 1653, which has 
jocently come to light, gives notice of 
the orcation of pie-paid tickets to bo 
ued tbr Piuis instead of money psiy- 


ments, Tlic-c tickets wero to be dated 
.urn attached to the letter or wrappeil 
round it, in such a manner thiit llie 
postman could remove and retain them 
on delivering the missive. These 
franks were to be sold by the porters 
of the convents, prisons, colleges, and 
other public institutions, at the price 
of one sou." 
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that of the tubular boiler by Seguin, Stevens, Booth, and 
W. H. James ; that of the link-motion by John Gray, Hugh 
'Williams, and Eobert Stephenson. 

Indeed many inventions appear to bo coincident. A 
number of minds are -working at tlio same time in tho same 
track, with the object of supplying some want generally 
felt ; and, guided by the same experience, they not unfre- 
quently arrive at like results. It has sometimes happened 
that the inventors have been separated by great distances, 
so that piracy on the part of either was impossible. Thus 
Hadley and Godfrey almost simultaneously invented the 
quadrant, the one in London, the other in Philadelphia ; 
and the process of eleotrotyping was invented at tho same 
time by Mr. Spenoer, a working chemist at Liverpool, and 
by Professor Jacobi at St. Petersburg. The safety-lamp 
was a coincident invention, made about the same tiino by 
Sir Humphry Davy and George Stephenson ; and perhaps 
a still more remarkable instance of a coincident discovery 
was that of the planet Neptune by Loverrior at Paris, and 
by Adams at Cambridge. 

It is always difficult to apportion tho duo sbaro of merit 
which belongs to meohanical inventors, who are acous- 
tomod to work upon each other’s hints and suggestions, as 
well as by their orvn expoiionce. Some idea of this diffi- 
culty may be formed from the fact that, in tho course of oar 
investigations as to the origin of the planing maohino — one 
of tho most useful of raodeim tools — ^wo have found that it 
has been claimed on behalf of six inventors — Fox of Derby, 
Eoborts of Manchester, Matthew Murray of Leeds, Spring 
of Aberdeen, Clement and George Eonuie of London ; and 
there may be other olaimanfs of whom we have not yet 
heard. But most meohanical invontious are of a very 
composite character, and are led up to by the labour and 
tire study of a long succession of -workers. Thus Savary 
and Newcomen led np to Watt; Ongnot, Murdoolc, and 
Trevithick to tho Stephensons ; and Maudslay to Olomerrt, 
Eoberts, Nasmyth, Whitwoi-th, and many more .-mochanicai 
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itiTcntors. Thei’o is scarcely a process in the arts but lias 
in like manner engaged mind after mind in bringing it 
to perfection. “Tliere is notbing,” says Mr. Ilawkshaw, 
“ really worth having that man has obtained, that has not 
been the result of a combined and gradual process of in- 
vestigation. A gifted individual comes across some old 
footmark, stnmbles on a chain of previous research and 
inquiiy. He meats, for instance, with a machine, the 
result of much previous labour; he modifies it, pulls it to 
pieces, constmots and reconstmofs it, and by finthor trial 
and experiment he arrives at the long sought-for result.”* ' 
But the making of the invention is not the sole difficulty. 
It is one thing to invent, said Sir Marc Brunei, and another 
thing to make the invention work. Thus when Watt, 
after long labour and study, had brought his invention to 
completion, he encountered an obstacle which has stood in 
the way of other inventors, and for a time prevented the 
inti'oduotion of their improvements, if not led to their 
being laid aside and abaudonod. This was the circum- 
stance that the machine projected was so much in advance 
of the mechanical capability of the ago that it was with 
the greatest difficulty it could be executed. When labour- 
ing upon his invention at Glasgow, Watt was baffled and 
thrown into despair by the ohunsiness and incompetency 
of his workmen. Writing to Dr. Roebuck on one occasion, 
he said, “You ask what is the principal hindmnee in 
erecting engines? It is always the smith-work.” His 
first cylinder was made by a wMtesmith, of hammered iron 
soldered together, but having used quieksilver to keep 
the cylinder aiMight, it dropped through the inequalities 
into the interior, and “ played the devil with the solder.” 
Vet, inefficient though the whitesmith was, Watt could ill 
ipare him, and wo find him writing to Dr. Roebuck almost 
in despair, saying, “ My old white-iron man is dead I " feel- 


* Inaugural AJilross dtlivorcil before the Jiutitufion of Civil Engineeie, 
Uth Jan. 1862. 
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iug Ills loss to lie almcst iiTeparalile. His next cylinder 
was cast and bored at Carron, but it was so untme that it 
proved next to useless. The piston could not be kept steam 
tight, notwithstanding the various expedients which were 
adopted of stuffing it with paper, cork, putty, pasteboard, 
and old hat. Even after Watt had removed to Binning 
ham, and he had the assistance of Boulton’s best workmen, 
Smeaton expressed the opinion, when he saw the engine at 
work, that iiohvilhstanding the excellence of the inven- 
tion, it could never be brought into general use because of 
llie difficulty of getting its various parts manufactured with 
sufficient precision. For a long time we find Watt, in his 
letters, complaining to his partner of the failure of his 
engines through “villainous bad workmanship.” Sometimes 
the cylinders, when cast, were found to he more than an 
eighth of an inch wider at one end than the other ; and under 
such oiroumstoncea it was impossible the engine could not 
with precision. Yet hotter work could not he had. First- 
rate workmen in machinery did not as yet e.xist; they 
were only in process of education. Nearly everything had 
to he done hy hand. The tools used were of a very im- 
poiioot kind, A few ill-constructed lathes, with some drills 
and boring-machinos of a rude sort, constituted the prin- 
cipal furniture of tlio workshop. Yeara after, when Brunei 
invented his hlook-maohines, considerable time elapsed 
before ho could find competent mechanics to construct 
them, and even after they had been constructed he had 
ee^ual difficulty in finding competent hands to work thorn.* 
Watt endeavoured to remedy the defect by keeping 
rortain sets of workmen to special classes of work, allow- 
ing them to do nothing else. Fathers were induced to 
bring up their sons at the same bench with themselves, 
and initiate thorn in the doxlerily whioh they had acquired 
hy experience ; and at Soho it was not unusual for the 
same precise line of work to he followed hy momhors of the 


• Beaihsh's Memoir of Sir T. M. Brunet, 79, 80. 
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same family lor three generations. In this way as great 
a degree of accuracy of a mechanical kind was anived at 
was practicable under the circumstances. But notwithstand- 
ing all this care, acctuticy of fitting could not be secured 
so long as the manufacture of steam-engines was conducted 
mainly by hand. There was usually a considerable waste 
of steam, which the expedients of chewed paper andgi’eased 
hat packed outside the piston were insufficient to remedy , 
and it was not until the invention of automatic machine- 
tools by the mechanical engineers about to be mentioned, 
that the manufacture of the steam-engine became a matter 
of comparative ease and certainty. Watt was compelled to 
rest satisfied with imperfect results, arising from imperfect 
workmanship. Thus, -writing to Dr. Small respecting a 
cylinder 18 inches in dimnoter, he said, “at worst 
place the long diameter exceeded the shoii by only three- 
eighths of an inch.” How different from the state of things 
at this day, when a cylinder five feet wide will be rejected 
an a piece of impeiieot workmanship if it bo found to vary 
in any pari: more than the 80th part of an inch in diameter ! 

Not fifty years since it was a matter of the utmost diffi- 
culty to sot an engine to work, and sometimes of equal diffi- 
culty to keep it going. Though fitted by competent work- 
men, it often would not go at all. Then the foreman of 
the factory at which it was made was sent for, and he 
would almost live beside the engine for a month or more ; 
and after easing her hero and screwing her up there, put- 
ting in a now part and altering an old one, packing the 
piston and -tightening the valves, the machine would at 
length be got to work.* Now the case is altogether dif- 


* Theiv was the same elamaaess lu 
nil kinds of mill-work kefore the in- 
tivdnction of maohine-tools. We bare 
Iieanl of n. piece of mnehinery of tho old 
tchool, the wheels of which, when set 
to work, mode such a clatter that the 
owner feored the engine wonld fall to 


pieces. Tbs foreman who set it Bgoiag, 
after working at it until he wns almost 
in despair, at lost gave it up, saying, 
“I think we had better leave the cogs 
to settle their diderences with one an- 
other: they will grind themselves right 
in time 1 " 
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ferent. The porfoction of modoTn maclime-tools is snob 
that the utmost possible prociaiou is secured, and the me- 
chanical engineer can ciilcnlato on. a degree of exactitude 
that does not admit of a deviation beyond the thousandth 
pai't of nn inch. Ayben tho powerful oscillating engines 
of the ‘ Waarior ’ wore put on board that ship, the parts, 
consisting of some five thousand separate pieces, were 
brought from tho different workshops of tho Messrs. Penn and 
Sons, whore they had been made by workmen who knew 
not the i^lacos they wore to occupy, and fitted together 
with such precision that so soon as the steam was raised 
and let into the cylinders, the immense machine began as 
if to breathe and move like a living creature, stretching 
its huge arms like a new-born giant, and then, after prac- 
tising its strength a little and proving its soundness in 
body and limb, it started off with the power of above a 
thousand horses to try its strength in breasting the billows 
of the North Sea. 

Such are among the triumphs of modern mechanical en- 
gineering, due in a groat measure to tho perfection of tho tools 
liy means of which all works in metal are now fashioned. 
These tools aro themselves among tho most strildng 
results of the rnoohanical invention of tho day. They 
aro automota of the most perfect kind, rendering the engine 
and machine-maker in a groat measru'O independent of in- 
ferior workmen. Por the machine tools have no unsteady 
hand, are not careloss nor clumsy, do not work by rule of 
thumb, and cannot make mistakes. They will repeat their 
operations a thousand times rvithout tiring, or varying ono 
hair’s breadth in their action j and -will turn out, without 
oomplainiug, any quantity of work, all of like accuracy and 
finish. Exercising as they do so remarkable an induence 
on tbe development of modom industry, we now propose, 
BO far as tho materials at our disposal will admit, to give 
an account of their principal inventors, beginning with (ha 
sohool of Bramah. 
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CHAPTER XL 
Joseph Bbahah. 


“ The Inventor ie one ivlio has walked forth upon fU industriel 
world, not from universities, but Aum hovels ; not os clad in silks and 
decked witli hononrs, but ns clad in fustian and grimed with soot and 
oil.” — I saac TAvnoa, Uttimats CieSusatlon. 


Tee inventivo faculty is so strong in some men that it may 
bo said to amount to a passion, and cannot be restrained. 
The saying lhat tho poet is bom, not made, applies with 
equal force to tho inventor, who, though indobted like the 
other to culture and improved opportunities, nevertheless 
invents and goes on inventing mainly to gratify his own 
instinct. The inventor, however, is not a creator like tho 
poet, but cbiefly a fiuder-out. His power consists in a 
great measure in quick perception and accurate observation, 
and in seeing and foreseeing ibe effects of certain mochani- 
cal combinations. He must possess the gift of insight, as 
woll as of manual dexterity, combined with the indispens- 
able qualities of patience and perseverance, — ^for though 
baffled, as ho often is, ho must bo ready to rise up again 
unconquered even in tho moment of defeat. This is the 
stuff of which the greatest inveutoi'S Lave been made. The 
subject of the following memoir may not be entitled to 
take rank as a fii-st-class inventor, though he was a most 
prolific ono; but, as the founder of a school from which 
proceeded some of the most distinguished mechanics of our 
time, he is entitled to a prominent place in this series cd 
memoirs, 

Joseph Bramah was bom in 1748 at the village of Stain. 
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borough, near Bamsloy in Yorkshire, where his father rented 
a small faim under Lord Sti-afford. Joseph was the eldest 
of five children, and was eai-ly destined to follow the 
plough. After receiving a email amount of education at 
the village school, he was set to work upon the farm. 
From an early period he showed signs of oonstmetive 
skill. When a more boy, ho occupied his leisure hours in 
making musioal instruments, and he succeeded in executing 
some oroditahlo pieco.s of work with very imperfect tooLs. 
A violin, which he made out of a solid block of Wood, was 
long preserved as a curiosity, lie was so fortunate as to 
mako a friend of the village blacksmith, whose smithy 
ho was in tlie practice of frequenting. The smith was iiii 
ingenions workman, and, having taken a liking for the 
boy, lie made sundiy tools for him out of old files and 
raaor blades ; and with these his fiddle and other pieoes of 
work wore mainly executed. 

Joseph might have remained a ploughman for life, hut 
for an accident which happened to his right ankle at the 
age of 16, which unfitted him for farm-work. While con- 
fined at homo disabled, ho spent his lime in carving and 
making things in wood; and then it occurred to him that, 
though ho could not now bo a ploughman, ho might ho a 
mechanic. When suflioicntly recovered, ho was accord- 
ingly put apprentice to one Allott, the village carpenter, 
under whom he soon heoamo an expert workman. Ho could 
make ploughs, window-frames, or fiddles, with equal dex- 
terity. He also made violoncellos, and was so fortunate as 
to sell one of his making for three guineas, which is still 
reckoned a good instrument. Ho doubtless felt within him 
the promptings of ambition, snob as every good workman 
feels, and at all events entertained the desire of rising in 
his trade. AVhen his time was out, he accordingly resolved 
to seek work in London, whither he made the jornmoy on 
foot. He soon found work at a cabinet-maker’s, and re- 
mained with him for some time, after which he set up 
business in a very small way cn his own account. An 
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acuident which happened to him in the course of his daily 
work, again proved his helper, by affording him a degree of 
leisure which he at once proceeded to turn to some useful 
account. Part of his business consisted in putting up 
water-closets, after a method invented or improved by a 
Mr. Allen -, but the article wa.s still very imperfect ; and 
Bramah had long resolved that if he could only seom-e 
some leisure for the purpose, ho would contrive some- 
thing that should supersede it altogether. A severe fall 
which occuired to him in the course of his business, and 
laid liim up, though very much against his will, now af- 
forded him the leisure which he desired, and he proceeded 
to make his proposed invention. Ho took out a patent for 
it in 1778, describing himself in the specification as “ of 
Gross Court, Camahy Market [Golden Square], Middlesex, 
Cabinet Maker.” He afterwards removed to a shop in 
Denmark Street, St. Giles’s, and while there he made a fur- 
ther improvement in his invention by the addition of a 
water cock, which he patented in 1783. The merits of the 
machine were generally recognised, and before long it came 
into extensive use, continuing to bo employed, wth but 
few alterations, until the present day. His circumstances 
improving with the increased use of his invention, Bramah 
prooeeded to undertake the manufacture of the pumps, 
pipes, &o., required for its construction ; and, remembering 
his friend the Yorlishire blacksmith, who had made his 
first tools for him oirt of the old files and razor-blades, he 
sent for him to London to take oharge of Ins blacksmith’s 
dej^artment, in which he proved a most useful assistant. 
As usual, the patent was attacked by pirates so soon as it 
became productive, and Bramah was under the necessity, 
on more than one occasion, of defending his property in the 
invention, in which he was completely sucoessM. 

We next find Bramah turning his attention to the inven- 
tion of a lock that should surpass all others then known. 
The looks then in use were of a very imperfeot chaiucter, 
easily picked hy dexterous thieves, against whom they of- 
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forded little protection. Yot looks ore a very ancient inven 
tion, though, as in many other cases, the art of making them 
seems iu a great moasuro to have become lo.st, and accord- 
ingly had to he found out anew. Thus the tumbler lock — 
which consists in the use of moveable impediments acted on 
by the proper key onlj', as contradistinguished from the ord i- 
nary ward looks, where the impediments are fixed — appears 
to have been well Imown to the ancieut Egyptians, tlio 
representation of such a lookhoing fonud soulptured among 
tho has-roliofs which decorate the great temple at Kamak. 
Tliis kind of look was revived, or at least greall}'^ improved, 
by a Ml’. Eairon iu 1774, and it was shortly after this time 
that Bramah directed his attention to the subject. After 
much study and many experiments, he contrived a lock 
more simple, more soiwicoable, as well as more secure, than 
Barron’s, as is proved by the fact that it has stood the test 
of nearly eighty years’ experience, '* and still holds its 
ground. For a long time, indeed, Bramah’s lock was 
regai’ded as absolutely inviolable, and it renmined un 2 nckod 
for sixty-seven years, until Hobbs the Amorican mastered 
it in 1851. A notice bud long been exhibited in Bramah’s 
shop-window in Piccadilly, offering 200Z. to any one who 
should suooeod in picking the patent lock. Many tried, 
and all failed, until Hobbs succeeded, after sixteen days’ 
manipulation of it with various elaborate instruments. 


* Tlio lock invonteil liy Braniali wns 
pntcutcil ia 1TS4. Mr. Binmnh iiim- 
aoir fully ait forth the specific merits 
of the invention in his OimHation on 
the ConstmeiUm of Looks. In n 
second p-ntent, token out by him in 
1793, be amended his first with tlie 
ohject of preventing the coautcrfeitin.tc 
of keys, and suspending the oflioe of 
the lock until the key was ag.oin iu 
the possession of the mvner. This ho 
efTected by eniibling the owner so to 
alter the sliders ns to render the look 
inaccessible to such key if applied by 
any oUier pei'sou hut lumselfj or luitu 


the slldci's 11 . 0(1 been renmiigcd so as 
to admit of its proper action. Wo may 
mention in passing that the security 
of Bramah’s locks depends on the doc- 
trine of comhlnntions, or multiplica* 
<4011 of numbci’s into each other, ovhich 
is known to increase in the most rapid 
proportion. Thus, a lock of five slides 
admits of 3,000 vaiintioas, while one 
of eight will hevono le.ssth.on 1,935,3(1(1 
changes; in other words, that numlisr 
of attempts at making a key, or at 
picking it, may be mode before It can 
be opened. 
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But the difficulty witl. which the lock was picked showed 
that, for all ordinary purposes, it might ho pronounced 
impregnable. 

The new looks were machines of the most delicate kind, 
the action of which depended in a -great measure upon the 
precision TOth which the springs, sliders, levers, barrels, 
and other parts were finished. The merits of the in- 
vention being generally admitted, there was a consider- 
able demand fur the looks, and tho necessity^ thus aroso 
for inventing a scries of original machine-tools to enablo 
them to be manufactured in sufficient quantities to meet 
the demand. V is probable, indeed, that, but for tho con- 
trivance of such tools, the lock could never have come into 
general use, as tho skill of hand-woi-kmen, no matter how 
experienced, could not have been relied upon for turning 
out the article with that degree of aoouracy and finish in 
all the parts which was indispensable for its proper action. 
In conducting the manufacture throughout, Bramah was 
greatly assisted by Honi-y Maudslay, bis foreman, to whom 
he was in no small degree indebted for the contrivance 
of those tool-machines which enabled bim to can-y on the 
business of lock-making with advantage and profit. 

Bramah’s indefatigable spirit of invention was only 
stimulated to fresh efforts by the success of his look ; and 
in the course of a few years we find him entering upon a 
more impoi-tant and original line of aotiotn than he had 
yet ventured on. His patent of 1785 shows the direction 
of his studies. Watt had invented his steam-engine, which 
was coming into general use ; and the creation of motive- 
power in various other fonns became a favourite subject 
of inquiry -with inventors. Bramah’s first invention with 
this object was his Hydrostatio Machine, founded on the 
doctrine of the equilibrium of pressure in fluids, as ex- 
hibited in the well known ‘ hydrostatio paradox.’ In his 
patent of 1785, in which he no longer describes himself as 
‘ Cabinet maker,’ hut ‘ Engine maker ’ of Piccadilly, he 
indicated many inventions, though none of them came into 
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pmcticul iiae, — suoli a,a a Hydrostiitlcal MaoMno tiiid Boiicr 
and Iho application of the power produced by thorn to the 
drawing of carriages, and tho propelling of ships by a 
paddle-wheel fixed in tho stem of the Tessel, of which 
drawings are annexed to tho specification ; but it was net 
until 1795 that ho patented his Hydrostatic or Hydraulic 
Press. 

Though tho principle on which the Hydraulic Press is 
founded had long been known, and formed the subject of 
much curious speculation, it remained unproductive of 
results until a comparatively recent period, when the idea 
occurred of applying it to mechanical purposes. A machine 
of tho kind was indeed proposed by Pascal, the eminent 
philosopher, in 1064, but more than a oentni-y elapsed 
before the difSculties in the way of its construction were 
satisfactorily overcome. Bramah’s machine consists of a 
largo and massive cylinder, in which there works an aocu- 
ratoly-fl tted solid piston or plunger. A forcing-pump of very 
small bore communicates with tiie bottom of the cylinder, 
and by the action of the pump-handle or lever, exceeding 
small quantities of water are forced in sucoession beneath 
the piston in the large cylinder, thus gradually raising it 
np, and compressing bodies whose bulk or volume it is 
intended to reduce. Hence it is most commonly used as a 
packing-press, being superior to every other contrivance 
of the kind that has yet boon invented ; and though oxor- 
oising a prodigious force, it is so easily managed that a hoy 
can work it. The machine has been employed on many 
extmordinary occasions in preference to other methods 
of applying power. Thus Eobert Stopbenson used it to 
hoist the gigantic tubes of the Britannia Bridge into their 
bed,* and Brunei to launoh the Grreat Ea.stem steamship 
from her cradles. It has also been used to cut bars of iron, 
to draw the piles driven in forming coffer dams, and to 


* Tliii weight niiecc by a single pivss at the Britannia Bridge was 
1144 tons, 
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wrench up Irees by the roots, all of which feats it accom- 
plishos with comparative ease. 

The principal difficulty expei’icnced in constructing the 
hydraulic press before the time of Bi-ainah arose from the 
h'emendous pressure exorcised by the pump, which forced 
the water through between the solid piston and the side of 
the cylinder in which it worked in such quantities as to 
render the press useless for practical purposes. Bramah 
himself was at first completely baffled by this difficulty. It 
will be observed that the problem was to secure a joint 
sufficiently free to let the piston slide up through it, and at 
the same time so water-tight as to -withstand the internal 
force of the pump. These two conditions seemed so con- 
fiicting that Bi-amah was almost at his wit’s end, and for a 
time despaired of being able to bring the machine to a 
state of practical efficiency. None but those who have 
occupied themselves in the laborious and often profitless 
task of helping the world to new and useful maohinos can 
have any idea of the tantalizing anxiety which arises from 
the apparently petty stumbling-blocks which for a while 
impede the realization of a great idea in mechanical inven- 
tion. Such was the case with the water-tight airangement 
in the hydraulic press. In his early experiments, Bramah 
tried the expedient of the ordinary stuffing-box for the 
purpose of securing the required water-tightness. That is, 
a ooU. of hemp on leather washers was placed in a recess, 
so as to fit tightlj' round the moving ram or piston, and it 
was further held iu its place by means of a compressing 
collar forced hard down by strong screws. The defect of 
this arrangement was, that, oven supposing the packing 
cotild be made sufficiently tight to resist the passage of the 
water urged by the ti-emendous pressure from beneath, 
suoli was the grip which the compressed material took of 
tho ram of the press, that it could not he got to return 
down after the water pressure had been removed. 

In this dilemma, Bramah’s ever-ready workman, Henry 
Maudslay, came to his rescue. The happy idea occrured to 
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him of employing the prassm-o of tho water itself to give 
the requisite water-tightness to the collar. It Avaa a flash 
of oommon-sense genius — ^beaulifiil through its very simpli- 
city. Tho result was Maudslay’s solf-tighteuiiig collar, thu 
action of which a few words of description wiU render easily 
intelligible. A collar of sound leather, the convex side up- 
wards and tho concave downwards, was fitted into the 
recess turned out in tho nook of the press-cylinder, at the 
lilaoe formerly used as a stuffing-box. Immediately on the 
high pressure water being tiu-ned on, it forced its way into 
the leathern concavity and ‘ flapped out ’ the bent edges of 
the collar ; and, in so doing, caused the leather to a^iply 
itself to the surface of tho rising ram with a degree of 
closeness and tightness so as to seal up the joint the closer 
exactly in proportion to the p)reHsiu‘0 of the water in its 
tendency to escape. On the other hand, the moment the 
pressure was let off and the ram dosii-ed to return, the 
collar collapsed and tho ram. slid gently down, perfectly 
free and yet perfectly water-tight. Thus, the former tend- 
ency of tho water to escape by the side of the piston was 
by thi-S most simplo and eloganl self-adjusting contrivance 
made instrumental to the perfectly efficient aotioh of tho 
machine ; and from tho moment of its invention tho hy- 
draulic press took its place as cue of tho grandest agents 
for oxeroising power in a oonoentmted and tranquil form. 

Bramah continued his useful labours as an inventor for 
many years. His study of tho principles of hydraulics, in 
the course of his inveiition of tho pre&s, enabled him to 
introduce many valuable improvements in pnraping-ma- 
chinery. By varying tho form of tho piston and cylinder 
he was enabled to obtain a rotary motion,* which he 


• Dr. Thomas Yoaiig, in liis nrtido 
on Enimah in the Enoyahpeediit Bri- 
tunniea, desorlbes the " rotatiro prin- 
dple” ns consisting in making tho 
part which acts immediately on the 
water in the form of a slider, sweeping 
round a oylindrical cavity, and Kept 


in its pkee by menus of an cecentric 
groove ; n coutitvance which was pro- 
bably Bramah's own invention, bnt 
which hod been hefom described, in 
a tonn nearly similar, hy liaraolli, 
Cannllerl, Amontous, Princo liupert, 
iUid Dr. Hooke. 
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advactugeo’isly applied to many purposes. Thus ho adopted 
it in the well known fire-engine, the use of which has 
almost become universal. Another popular' maohino of Ins 
is the beer-pump, patented in 1797, bj' which the 2 mblioan 
is enabled to raise from the casks in the cellar beneath, the 
various liquors sold by him over tho counter. He also 
took out several patents for the improvement of the steam- 
engine, in which, however, Watt left little room for other 
inventors; and hence Bramah seems to have entertained a 
grudge against Watt, which broke out fiercely in the evi- 
dence given by him in the case of Boulton and Watt versus 
Homblower and Mabcrly, tried in December 1796. On 
that occasion his temper seems to have got the better of 
his judgment, and ho was cut short by the judge in the 
attempt which he then made to submit the contents of the 
2 )amphlet subsequently published by him in the form of a 
letter to the judge before whom tho case was tried.* In 
that pamphlet he ai'gued that Walt’s specification had 
no definite meaning ; that it was inconsistent and absurd, 
and could not jpossibly be understood ; that the proposal to 
work steam-engines on the princqile of condensation was 
entirely fallacioua; that Watt’s method of packing the 
liiston was "monstrous stupidity;” that tho engines of 
Newcomen (since entirely superseded) were infinitely su- 
perior, in aU respects, to those of Watt; — conclusions 
which, wo need seai’cely say, have been refuted by the 
experience of nearly a century. 

On the expiry of Boulton and Watt’s patent, Bramah 
introduced several valuable improvements in the details of 
the condensing engine, which had by that time become an 
established power, — the most important of which was his 
“ four-way cook,” which ho so arranged as to revolve con- 
tinuously instead of alter-natcly, thus insuring greater pre- 

* A Letter to the Sight Son. Sir bloieer and Maierly, for Lnfnngemnl 
James Eyre, lord OMk Justioe of on Mr. XFatl^s Patent far an Improve- 
the Common Fleas, on the subject of ment of ihe Steam Engine. 67 Joseph 
the cause Boulton and ll'aM v. Sbm- Bramah, Engineer. London, 1767. 
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oisioii with considerably loss wear of parts. In the same 
patent by which ho secured this invention in 1801, ho 
also proposed sundiy improvements in the boilers, as well 
as modifieations in various parts of the engine, with the 
object of effecting greater simplicity and directness of 
action. 

In his patent of 1802, we find Bramah making another 
great stride in mechanical invention, in his tools “ for pro- 
ducing straight, smooth, and parallel snrfaoes on wood and 
other materials requiring truth, in a manner much more 
expeditious and perfect than can bo perfonuod by the use 
of axes, saws, planes, and other cutting inslriimonts u.sed 
hy hand in the ordinary way.” The specification desoi'ihes 
the ohjoot of the invention to bo the saving of manual 
labour, the reduotion in the cost of production, and the 
superior character of the work executed. The tools wero 
fixed on frames driven hy machinery, some moving in a 
rotary dheotion round an upright sliaffc, some with the 
shaft horizontal like an ordinary wood-turning lathe, while 
in others the tools were fixed on frames sliding in sta- 
tionary grooves. A wood-planing machine '’ was con- 
structed on tho principle of this invention at Woolwich 
Arsenal, whore it still continues in cfQcicnt use. Tho axis 
of the principal shaft was suppoi'tod on a piston in a vessel 
of oil, which oousiderably diminished tho friction, and it 
was so contrived as to bo accurately regulated hy means of 
a small forcing-pump. Although the machinery dosorihod 
in the patent was first applied to working on wood, it was 
equally applicable to working on metals ; and in his own 
shops at Pimlico Bramah employed a machine with revolving 
oirtters to plane metallio surfaces for his patent looks and 
other articles. He also introduced a method of turning 
spherical sui'faces, either convex or concave, hy a tool 


* Sir Samuel Bcnttam and Mara 
Isaniliard Brnncl snlisequentlj distin- 
gnlshed themselves by the invention of 
wocd-wovkiogmnchineiy, full accoiints 


of which will be found in the Memoirs 
of the former by Lndy Bentham, and 
in the Life of the latter by Mr 
Beamish. 
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moveabio on an axis pei-pendioular to that of the lathe; 
and of cutting out concentric shells by fixing in a similar 
manner a curved tool of nearly the same form as that em- 
ployed by common turners for making bowls. “ In fact,” 
says Mr. Mallet, “ Bramah not only anticipated, but carried 
out upon a tolerably largo scale in his own works — ^for the 
constiTiotiou of the patent hj'draulic pveas, the water-closet, 
and his locks — a surprisingly largo proportion of our mo- 
dern tools.”* His remarkable predilection in favour of 
the use of hj^draulio arrangements is displayed in his spe- 
oification oftho surface-planing machinery, which includes a 
method of nmning pi vota entirelj’ on a fluid, and raising and 
depressing them at pleasure by means ofasmall forcing-pump 
and stop-cock — though wo are not aware that any practical 
use has over been made of this part of the invention. 

Bramah’s inventive genius displayed itself alike in small 
things as in great — ^in a tap wherewith to draw a glass of 
heor, and in a hydraulic machine capable of tearing up a 
tree by the roots. His powers of contiivanoe seemed inex- 
haustible, and were exercised on the most various subjects. 
AVhen any dilEoulty occurred which mechanical ingenuity 
was oaloulated to remove, recourse was usually had to 
Bramah, and he was rarely found at a loss for a contrivance 
to overcome it. Thus, when applied to by the Bank of 
England in 1806, to constnict a machine for more accu- 
rately and expeditiously printing the numbers and date 
lines on Bank notes, he at once proceeded to invent the 
requisite model, which ho completed in the course of a 
month. Ho subsequontty brought it to great peifeotiou — 
the figuins in numerical succession being ohaugod by the 
action of the machine itself, — and it still continues in re- 
gular use. Its employment in the Bank of England alone 
saved the labour of a hundred clerks ; but its chief value 
consisted in its greater accuracy, the perfect legibility of 


* “ lieoord tbs International Exhibition, 1863." JPraotiidl Ifeokmie’t 
foumsi, M3, 


0 
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the figures printed by it, and tlie greatly improf od oheoh 
which it afforded. 

Wo next find him occupying himself with inventions 
connected with the manufacture of pens and paper. His 
little pen-making machine for readily making quiU pens 
long continued in use, until driven out by the invention 
of the steel pen ; but his patent for making paper by ma- 
chinery, thotxgh ingenious, like everything he did, does not 
seem to have been adopted, the inventiona of Fonrdrinior 
and Donkin in this direction having shortly superseded 
all others. Among his other minor inventions may be 
moutionod bis improved method of constnioting and sledg- 
ing oarriage-wheels, and his improved method of laying 
water-pipes. In his specification of the last-mentioned in- 
vention, he included the application of water-power to the 
driving of machinery of every description, and for hoisting 
and lowering goods in docks and warehouses, — since cax- 
j-ied out in practioe, though in a different manner, hy Sir 
William Armstrong.* In this, as in many other matters, 


* In this, ns in other methods of em- 
ploying power, tha moderns had been 
iiuticipatM hy the ancients ; and though 
iiydrauUo macliiiiery is a comparatively 
recent invention in England, it had 
long been in use abroid. Thus we 
iind in Ih'. Bright’s li'uvels in Zouer 
Hungary a full description of ilie 
owerful hydraulic roaohinciT' iuvontcil 
y M. H8U, Chief Engineer of Uie 
Imperial Mines, whicli hnd hcen In 
use since the year 1749, in pumping 
water finm a depth of 1800 iSet, from 
the silver and gold miuos of Sdiem- 
niiz and Eremnitz. A head of water 
W.es collected by forming a reservoir 
along the mountain aide, ti'om which 
it was condneted through water-tight 
cast-li-on pipes erected perpendicularly 
in the mine-ehaft. About forty-five 
Ihthoms down, the water descending 
tlupugh the pipe wss foj-ced by the 
weight of the column above it into the 


bottom of a poipendicukr cylindei’, in 
which it raised a watei'-tight piston. 
When forced up to a given point a 
self-acting stop-cock shut off the pres- 
sure of the defending column, while 
a self-acting wUve cn-abled tlie water 
contained in the cylinder to ho dis- 
charged, on which the piston again 
dcsccndnl, and the pracesa was repeated 
liko the successive strokes of a steam- 
engine. Pump-rods were attachcil to 
this hydraulic apparatus, which were 
carried to the bottom of the shaft, and 
each worked a pump at diflerent levels, 
raising the water stage by stage to 
tlia lovcl of the mnin adit. Tlie pumps 
of these tliree several stages each raised 
1790 cubic feet of water &om a depth 
of 600 feet in the hour. The regular 
working of the machiueiy was aided 
by the employment of a wance-beam 
connected by a chain with the head of 
the large jxi ton and pump-rods ; and 
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Braiuah shot ahead of the medhanical uccoBsities of his 
timo ; and hence many of his patents (of which he held at 
one time more than twenty) proved altogether profitless, 
nis last patent, taken out in 1814, was for the application 
of Eoman cement to timber for the purpose of preventing 
dry rot. 

Besides his various mechanical pursuits, Bramah also 
followed to a certain extent the profession of a civil en- 
gineer, though his more urgent engagements rendered it 
necessary for him to refuse many advantageous ofiers of 
employment in this line. He was, however, led to carry 
out the new ^vater-works at Norwich, between the years 
1790 and 1793, in consequence of his having been called 
upon to give evidence in a dispute between the corporation 
of that city and the lessees, in the course of which he pro- 
pounded plans which, it was alleged, could not he carried 
out. To prove that they could be carried out, and that his 
evidence was ooiToct, ho undertook the new works, and 
executed them with complete success ; besides demonstrat- 
ing in a spirited publication, elicited by the controversy, 
the insufficiency and incongruity of the plans which had 
boon submitted by tbe rival engineer. 

For some time prior to his death Bramah had been em- 
ployed in the oinction of several large machines in his 
works at Pimlico for sawing stones and timber, to which 
ho applied his hydraulio power with great success. New 
methods of building bridges and canal-locks, with a variety 
of other matters, were in an emhryo state in his mind, but 
he did not live to complete them. Ho was occupied in 


the vrboleofihese powerful machines — 
by means of three of which os much 
as 789,840 goUons of water wore 
pumped out of the mines every 24 
hours — were eet in operation and regu- 
lated merely by the turning of a stnp- 
coek. It vrill be obseived that the 
«n:fuigeiaen.t thus bi-Uily described 
. was cgnally applicable to the working 


of mnehinety of nil kinds, cranes, &o . 
ns well as pumps; and it will be 
noted that, notwitlistanding the in- 
genuity of Bramah, Armstrong, and 
other eminent English mechanics, the 
Austiian engineer Iloll was thus de- 
cidedly hefbrehand with them in the 
practicai application of the prlnciphia 
of hydrostatics. 

O li 
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Buperiti tending the action of liie hydrostatic incss at Holt 
^Forest, in Hants — ^^vhero upwaida of 800 trees of the largest 
dimensions -were in a very short time tom up by the roots, — 
when ho caught a severe cold, which settled upon his 
lungs, and his life was suddenly brought to a close on the 
9th of December, 1814, in his C6tb year. 

His friend. Dr. Cullen Brown,* has said of him, that 
Bramah was a man of excellent mural character, temperate 
in his habits, of a pious turn of mind.f and so ohooiful in 
temperament, that ho was the life of every company into 
which he entered. To much facility of expression he 


♦ Dr. Brown piiblislied a brief inc- 
iiioir of his friend lu the Nout MotUhli/ 
Magazine for April, 1815, whicli Inna 
been the foundation of nil tbo notices 
of Bramaii's life that bore heretofore 
nppeui'ed. 

t Notwithstanding his well-known 
religious olinrwdor, Bramah teeina to 
have fallen under the grievous dis- 
pleasure of IVillinm H untington, R8. 
(Sinner Saved), described by JInp.nilny 
ill his youtli ns “ ii wortliluss ugly tid 
of the name of Hunter,” and in his 
m.TiiUood ns “ that rciniu'knblo im- 
postor” (&mya, 1 rvl, cd. 529). It 
seems that Huiitiiigton sought tlicpio- 
fessional seivices of Bramah when re- 
edifying his chapel in 1793 ; and at the 
conclusion of tho work, the engineer 
generously sent the preauher a uheque 
for 81. towards definying the necessary 
e.\pense3. Whether the sum was lei^ 
than Huntington cipocted, or fiom 
whatever cause, the S. S. contemptu- 
ously flung back the gift, ns proceeding 
from an Arian whose religion was “un- 
savoury,” at the same time hurling at 
tlie giver a number of texts convey- 
ing epithets of an olfensive character. 
Bramah replied to the fniTogo of non- 
sense, whii^ he choi'acterised as “ un- 
mannerly, ahsni'd, and illiterate” — 
that it must have been composed when 
the writer was “ intoxicated, mad, or 
under the influence of Lucifhr,”and ho 


threatened that imless Huntington 
apologised for his gratuitous insults, 
he (Bramoli) would assuredly expose 
him. The mechanioian nevertheless 
piocceded gravely to explain and de- 
fend his “ profession of faith,” which 
was altogether mineccssniy. On this 
Huntington letnrncd to the charge, 
and diiceted against tho mechiiniu a 
fresh volley of Scripture texts and 
pliiiiscology, not without humour, it 
piofauity he allowable in conlrav-crsy, 
a.s where ho says, “ Poor man 1 he 
makes n good patent lock, but cuts a 
sad ligiu’G with the keys of the Kingdom 
Ilf Ilcnvcu 1” “ What Mr. Brainali 
ia,” says S. S., “ in respect to his oha- 
rocter or conduct in life, ns a mnii, a 
tmdcsmaii, n neiglihoiir, ii gentleman, 
a husband, friend, master, or subject, 1 
know not, In all these characters he 
may shins ns a comet for aught I 
know ; but he appears to me to he as 
far* from any resemblauce to a peer 
penitent or broken-hearted sinner ae 
Jaimes, Jambres, or Alexander the 
coppersmith I” Bramoli rejolueil by 
threatening to publish his assailant's 
Jcttois, but Huntington anticipated 
him in A Fedita Diapate vaith a 
and Learned Man, 8vo. Loudon, 
1793, in which, wbotber justly oi 
not, Huntington mnkea Bnunnh ap- 
pear to murdei- tho king's English in 
the most hni barons manner. 
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.added the most poifeot independence of opinion ; lie was a 
benevolent and affectionate man; neat and methodical in 
his habits, and knew well how to temper liberality with 
economy. Greatly to his honour, he often kept his work- 
men employed, solely for their sake, when stagnation of 
trade prevented him disposing of the products of their 
labour. As a manufacturer he was distinguished for his 
promptitude and prohit3', and he wa.s celebrated for the 
exquisite finish which he gave to all his productions. In 
this excellence of workmanship, which he was the first to 
introduce, he continued while he lived to be unrivalled. 

Bramah was deservedly’ honoured and admixed as tho 
first meohanicol genius of his time, and as the founder of 
the art of tool-making in its highest branches. From his 
shops at Pimlico came Henry Maudslay', Joseph Clement, 
and many more' first-class meohanics, who carried the me- 
chanical arts to still higher perfection, and gave an impulse 
to mechanical engineering, the effects of which are still 
felt in every branch of industiy. 

Tho palish to which Bramah holonged was naturally 
proud of tho distinction he had achieved in tho world, and 
commemorated his life and cai’eor by a marble tablet 
erected by subscription to his memory', in the parish church 
of Silkstonc. In the churchyard are found tho tombstones 
of Joseph's father, brother, and othor members of the 
family ; and we are informed that their descendants still 
occupy tho farm a'. Stainb:rongh on which the great me- 
chanician was born. 
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OHAPTEE XTT. 
Henrt Maudslay. 


"The succcuhil conatractioii of all maohinciy depends on the per* 
fectioa of the tools omployed ; and whoever is e mastei' in Uio ai-ts of tool* 

making possesses the key to the consimetion of nil machines The 

oontriTance end construction of tools must therefore ever stand at the head 
of the industrial arts.” — 0. BaIUIAOIS, JSxpositton of 1851. 


Henry Maudslay was bom at Woolwioli towatils the end 
of last oentory, in a bouse standing in tlie court at the back 
of the Salutation Inn, tho enti-anoe to which is nearly 
opposite tho Arsenal gates. His father was a native of 
Lanoasliire, descended from an old family of the same name, 
the head of which resided at Mawdsley Hall near Ormsloj-k 
at tho beginning of the seventeonth contuiy. The family 
were aftoiwards scattered, and several of its members 
became workmen. William Maudslay, the father of Henry, 
belonged to the neighbourhood of Bolton, where ho was 
brought up to tho trade of a joiner. His principal emploj'- 
ment, while working at his trade in Lancashire, consisted 
in making the wood framing of cotton machinery, in the 
constraotion of which cast-iron had not yet been introduced. 
Having got into some trouble in his neighbourhood, 
through some alleged Hawn, William enlisted in the Eoyal 
Artillery, and the corps to which he belonged was shortly 
after sent out to the West Indies. He was several times 
engaged in battle, and in his lost action he was hit by a 
musket-bullet in the throat. The soldier’s stock which ho 
wore had a piece cut out of it by the boll, the direction of 
which was diverted, and though severely wounded, his life 
wassaved. Hebroughthomothestockondpreserveditas a 
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lelio, afterwards leaving it to iiis son. Long after, the sou 
would point to tbe stock, hung up against bis wall, and say 
“ But for that bit of leather there would have been no Henry 
Maudslay.” The wounded artilleryman was invalided and 
sent home to Woolwich, the headquarters of his corps, 
where he was shortly after discharged. Being a handy 
workman, he sought and obtained employment at tiie 
Araenal. He was afterwards appointed a storekeeper in 
the Dockyard. It was during the former stage of William 
Maudslay’a employment at Woolwich, that the subject of 
this memoir was bom in the house in the court above 
mentioned, on the 22nd of August, 1771. 

' The boy was early set to work. When twelve years old 
he was employed as a “powder-monkey,” in making and 
filling cartridges. After two years, he was passed on tc 
the carpenter’s shop where his father worked, and there 
ho became acquainted with tools and the art of working 
in wood and iron. From the first, the latter seems to have 
had by far the greatest chaims for him. The blacksmitibs’ 
shop was close to the carpenters’, and Hairy seized eveiy 
opportunity that offered of plying the hammer, the file, and 
the chisel, in preference to &e saw and the plane. Many 
a cuff did the foreman of carpenters give him for absenting 
himself from his proper shop and stealing off to the smithy. 
His propensity was indeed so strong that, at the end of a 
year, it was thought better, os he was a handy, clever hoy, 
to yield to his earnest desire to he placed in the smithy, 
and he was removed thither accordingly in his fifteenth 
year. 

His heart being now in his work, he made rapid progress, 
and soon became an expert smith and metal worker. Ho 
displayed his skill especially in forging light ironwork ; and 
a favourite job of his was the making of “ Trivets ” out 
of the solid, which only the “ dab hands” of the shop conld 
do, hut which he threw off with great lupidity iu first rate, 
style. These “ Trivets ” were made out of Spanish iron 
holts— rare stuff, which, though exceedingly tough, foiged 
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like wax TiUdei' tlio liammci’. Even at the cloao of liw life, 
■when ho had oequired cminont distinction as an inventoi’, 
nnd was a large omployor of skilled labour, ho looked back 
with jn'ido to tho forging of his oarly days in Woolwicli 
Arsenal. He nsod to describe with much gnsLo, how the 
old experienced hands, with, whonv he was a great favourite, 
would crowd about him when forging his “ Trivets," some 
of which may to this day ho in use among Woolwich 
liousewives for supporting tho toast-plate before tho bright 
fii’o against tea time. This was, however, entirely con- 
traband work, done “on tho sly,” and strictly prohibited 
l.'y the superintending officer, who used kindly to signal 
his ajipraaeh by blowing his noso in a pconliar manner, 
so that all forbidden jobs might bo put out of the way by 
the time he entered the shop. 

We have referred to Maudslay’s oarly dextoiity in trivet- 
making— a circumstance trifling enough in itself— for the 
puipose of illustrating tho progress whioh he had made in 
a branch of hie art of tho greatest importance in tool and 
machine making. Nothing pleased him more in his after 
life than to be sot to work upon aii unusual piece of forging, 
and to overcome, as nono could do so cleverly as he, the 
difficulties which it preaentod. The pride of art was as 
sti'ong in him as it must have been in the mecliieval smiths, 
who turned out tho.se beautiful pieces of workmanship, still 
regarded as the pride of our cathedrals and old mansions. 
In Maudslay'a case, his dexterity as a smith was even- 
tn.illy directed to machinery, rather than omnmental work ; 
though, had tho latter been his lijio of labour, we do not 
doubt that lie would have reaobod the highest distinction. 

The manual slrill whioh our young blacksmith had 
acquired was such as to give him considerable reputation 
ill his craft, and he was spoken of oven in tho London 
shops as one of the most dexterous hands in tho trade. It 
was this circumstance that shortly after led to his removal 
from tho smithy in Woolwich .ikrsenal to a sphere more 
suitable for the development of his meohauical ability. 
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We have already stated in the preceding memoir, that 
Josepli Bramah took ont the first patent for his look in 
1784, and a second for its improvement seveml years later; 
hut notwithstanding the acknowledged superiority of the 
new lock over all others, Bramah experienced the greatest 
difficulty in getting it inannfiictured with sufficient pre- 
cision, and at such a price as to render it an article of 
extensive commerce. This arose from the generally in 
ferior character of the workman^p of that day, as well us 
the clumsiness and uncertainty of the tools then in use. 
Bramah found that even the host manual dexterity was 
not to ho tiustod, and yet it seemed to he his only re- 
source ; for machine-tools of a superior kind had not yet 
been invented. In this dilemma he deteimined to con- 
sult an ingonions old German artisan, then working with 
William Moodie, a general hlacksmith in Whitechapel. 
This Gorman was reckoned one of the most ingenious 
workmen in London at the time. Bramah had several 
long interviews with him, with the object of endeavour- 
ing to solve the difficult problem of how to secure precise 
workmanship in lock-making. But they could not solve 
it; they saw that without better tools the difficulty was 
insuperable ; and then Bramah began to fear that his lock 
would remain a more mechanical curiosity, and he pre- 
vented from coming into general use. 

He was indeed sorely puzzled what next to do, when one 
of tho hammermen in Moodie’s shop ventured to suggest 
that there was a young man in the Woolwich Arsenal 
smithy, named Maudslay, who was so ingonions in such 
matters that “nothing bet him,” and he recommended 
that Mi’. Bramah should have a talk with him upon the 
.subject of his difficulty. Maudslay was at once sent for to 
Bramah’s workshop, and appeared belbre the lock-maker, a 
tall, strong, comely young fellow, then only eighteen yeai's 
old. Bramah was almost ashamed to lay his case before 
such a mere youth ; but necessity consb’ained him to try 
all methods of acoomplishing his object, and Mandslay's 
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STiggestious ia reply to Us statemeut of the case 'wore so 
modest, so sensible, and as the result proved, so praotioal, 
that the master was constrained to admit that the lad before 
him had an old head though set on young shoulders. 
Bramah decided to adopt the youth’s suggestions, made 
him a present on the spot, and oifered to give him a job if ho 
was willing to come and work in a town shop. Maudslay 
gladly accepted 'the offer, and in due time appeared before 
Bramah to enter upon Us duties. 

As Maudslay had served no regular apprenticeship, and 
was of a very youtUul appearance, the foreman of the shop 
had considerable doubts as to Us ability to take rank along- 
side his experienced hands. But Maudslay soon set Us 
master’s and the foreman’s mind at rest. Pointing to a worn- 
out vioe-benoh, he said to Bramah, “ Perhaps if I can make 
'that as good as new by six o’clook to-night, it will satisfy 
yom* foreman that I am entitled to rank as a tradesman and 
take my place among yom* men, oven though I have not 
served a seven years’ apprenticeship.” There was so much 
self-reliant ability in the proposal, which was moreover so 
reasonable, that it was at once acceded to. Off went 
Maudslay’s coat, up went his shirt sleeves, and to work 
he set with a will upon tho old honoh. The vice-jaws 
were re-steeled “ in no time,” filed up, re-out, all the parts 
cleaned and made trim, and set into form again. By six 
o’clock, the old vice was screwed uj) to its place, its jaws 
were hardened and “lot down” to proper temper, and 
the old bench was made to look so smart and neat that 
it threw all the neighbouring benches into 'the shade I 
Bramah and his foreman came round to see it, while tho 
men of the shop looked admiringly on. It was examined 
and pronounced “ a fiiut-rate job.” TUs diploma piece of 
work secured Maudslay’s footing, and next Monday morn- 
ing he oamo on as ono of the regular hands. 

He soon took rank in the shop as a first-class workman. 
-Loving Us art, he aimed at excellence in it, ondsncceeded. 
For it must ^ nnderstood that the handicraftsman whose 
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heart is iu his calling, feels as much honest pride in turn* 
ing out a piece of thoroughly good workmanship, as the 
sculptor or the painter does in executing a statue or a 
picture. In courso of time, the most difScult and delicate 
jobs came to bo entrusted to Maudslay ; and nothing gave 
him greater pleasure than to be set to work upon an en- 
tirely now piece of machinery. And thus he rose, naturally 
and steadily, from hand to head work. For his manual 
dexterity was the least of his gifts. He possessed an in- 
tuitive power of mechanical analysis and synthesis. He 
had a ^uiok eye to perceive the an*angements requisite tc 
effect given purposes ; and whenever a difficulty arose, his 
inventive mind set to work to overcome it. 

His fellow-workmen were not slow to recognise his many 
admirable qualities, of hand, mind, and heart ; and ho be- 
came not only the favourite, but the hero of the shop. 
Perhaps he owed something to his fine personal appearance. 
Hence on gala-days, when the men turned out in proces- 
sion, “ Hariy *’ was usually selected to march at their head 
and carry the flag. His conduct as a sou, also, was as 
admirable as his qualities as a workman. His father dying 
shortly after Maudslay entered Bramah’s ooncein, he was 
acenstomed to walk down to Woolwich every Saturday 
night, and hand over to his mother, for whom he had the 
tenderest regard, a considerable share of his week’s wages, 
and this he continued to do as long as che lived. 

Notwithstanding his youth, he was raised from one post 
to another, until ho was appointed, by unanimous consent, 
the head foreman of the works ; and was recognised by all 
who had occasion to do business there as “ Bramah’s right- 
hand man,” Ho not only won the heart of his master, 
hut — ^what proved of far greater importance to him— he also 
won the heai-t of his master’s pretty housemaid, Sarah Tindel 
by name, whom he maiTied, and she went hatd-in-hand 
with him through life, an admirable “ help meet,” in every 
way worthy of the noble choraoter of the great mechanic. 

Maudslay was found especially useful by his master in 
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devising the tools for raaldng liis patent locks ; and many 
were the beautifiil contrivances wliioh lie invented for tlio 
purpose of ensuring tlieir more accurate and speedy manu- 
facture, with a minimn-m degree of labour, and without the 
need of any large amount of manual dexterity on the 
part of the workm.an. The lock was so delicate a machine, 
that the identity of the several parts of which it was com- 
posed was found to bo an absolute necessity. Mere handi- 
craft, however skilled, could not secure the requisite pre- 
cision of workmanship ; nor could the parts bo tm-ned out 
in sufficient quantity to meet any largo demand. It was 
therefore requisite to devise machine-tools which should 
not blunder, nor turn out imperfect work; — machines, in 
short, which should he in a great measure independent 
of the want of dexterity of individual workmen, but which 
should tinaiTingly labour in their proscribed track, and do 
the woi'k set them, oven in the minutest details, after the 
methods designed by their inventor. In this department 
Maudslay was eminently successful, and to his lahorions 
ingenuity, as first displayed in Bramah’s workshops, and 
afterwards in his own ostablishmcnt, wo unquestionably 
owe much of the power and accuracy of our present self- 
acting machines. 

Bramah himself was not haokward in admitting that to 
lleniy Maudslay’a praotioal skill in contriving the machines 
for manufacturing his looks on a largo scale, the success 
of his invention was in a great degree attributable. In 
further proof of his manual dexterity, it may bo mentioned 
that he oonstruoted with his own hands the identical pad- 
lock which so severely tested the powers of Mr. TTohbs in 
1861. And when it is oonsidored that the look had been 
made for move than half a century, and did not embody 
any of the modem improvements, it will perhaps be re- 
garded not only as creditable to the principles on which 
it was oonstruoted, hut to the worlonanship of its maker, 
that it should so long have withstood the various me- 
chanical dexterity to which it was exposed. 
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Besides the invention of improved machine-tools for the 
manufacture of lochs, Maudslay was of further service to 
Bramah in applying the e^ipedient to his famous Ilydraulio 
Press, without which it would probably have remained 
au impracticablo though a highly ingenious machine. As 
in other instances of great inventions, the practical success 
of the whole is often found to depend upon the action 
of some apparently trifling detail. This was especially 
the case ivith the hydraulic press; to which Maudslay 
added the essential featxire of the self-tightening collar, 
above described in the memoir of Bramah. Mr. James 
Nasmyth is our authority for ascribing this invention to 
Maudslay, who was certainly quite competent to have 
made it ; and it is a matter of fact that Bramah’s specifica- 
tion of the press says nothing of the hollow collar,* on 
which its eflicicut action mainly depends. Mr. Na,smyth 
says — “ Maudslay himself told me, or led me to believe, 
that it was ho who invented the self-tightening collar for 
the hydraulic press, without which it would never have 
been a serviceable machine. As the self-tightening collar 
is to the hydraulic press, so is the steamblast to the loco- 
motive. It is the one thing needful that has made it 
effective in practice. If Maudslay was the inventor of the 
collar, that one contrivance ought to immortalize him. 
He used to toll me of it with great gusto, and I have no 
reason to doubt the oorreotness of his statement." 'Who- 
ever really stniok out the idea of the collar, displayed the 
instinct of the true inventor, who invariably seeks to 
accomplish his object by the adoption of the simplest 
possible means. 

Dining the time that Maudslay held the important office 
of manager of Bramah’s works, his highest wages were not 

* The \vnril‘i Bnimnh uses lu tle- 
sia'ibiog this pavt of his paicut of 
1795 lU’S these — “The piston must be 
ninile perfectly wntoifight by Icatliei' 
or other materials, as used in piimp- 


makiug.” He elsewhere speaks ul 
the piston-rod “ working through the 
stuiling-box.’’ But in practice, as we 
hare above shown, these methods were 
found to be oltogether inefficient. 
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more than thhliy shillings a-week. Ho himself thought 
that he was worth more to his master — as indeed ho was, — 
and ho folt somewhat mortified that he should haTe to 
make an application for an advance ; but the increasing 
expenses of hia family oompelled him in a measure to do 
so. His application was refused in suoh a manner as 
gi-eatly to hurt hia sensitive feelings ; and the result was 
that he throw up hia situation, and dotomined to begin 
working on his own aecount. 

His first start in business was in tho yoin 1797, in a 
small workshop and smithy situated in Wells Street, Oxford 
Street, It was in an awful state of dirt and dilapidation 
when ho became its tenant. He entered the place on a 
Friday, but by the Saturday evening, with the help of his 
oxocllent wife, he had tho shop tlioroughly cleaned, white- 
washed, and put in readiness for beginning work on the 
next Monday morning. He had then tho pleasure of 
hearing tho roar of his own foi^e-flre, and the cheering 
ring of the hammer on hia own anvil ; and great was the 
pride ho felt in standing for the first time within his oto 
smithy and executing orders for customers on his own 
account. His first customer was an artist, who gave him 
an order to oxccuto tho iron work of a largo easel, em- 
bodying Bomo new arrangements ; and the work was punc- 
tually done to hia employer’s satisfaction. Other orders 
followed, and he soon became fully employed, His fame 
as a first-rate workman was almost as great as that of his 
fonnor maslor ; and many who had been accustomed to do 
businras with him at i*imlioo followed him to Wells Street, 
Long years after, the thought of those early daj's of self- 
dependenco and hard work used to set him in a glow, and 
he would dilate to his intimato friouds upon his early 
struggles and his first sueoesses, which were much more 
highly prized by him than those of his maturor years. 

With a true love of his oi'aft, Maudslay continued to 
apply himself, as he had done whilst working as Bramah’s 
fcoman, to tho best methods of ensuring accuracy and 
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finish of Trork, bo as in a measm'o to be independent of 
the carelessness or want of dexteidty of the workman. 
With this object he aimed at the contrivance of improved 
machine-tools, which should be as much self-acting aud 
self-regulating as possible; and it was while pursuing 
this study that ho wrought out the important mechanical 
invention with which his name is usually identified — 
that of the Slide Eest. It continued to be his special de- 
light, when engaged in the execution of any piece of 
work in which he took a personal interest, to introduce 
a system of identity of parts, and to adapt for the pur- 
pose some one or other of the mechanical contiivanccs 
with which his fertile brain was always teeming. Thus it 
was from his desire to leave nothing to the chance of 
mere individual dexterity of hand that he introduced the 
slide rest in the lathe, and rendered it one of tho most 
important of maohino-tools. The first device of this kind 
was contrived hy him for Bramah, in whose shop.*) it con- 
tinued in practical use long after he had begun business 
for himself. “ I have seen the slide rest,” says Mr. James 
Nasmyth, “ the fii'st that Henry Maudslay made, in use at 
Messrs. Bramah's workshops, and in it were all those 
an-angements which are to bo found in the most modem 
slide rest of our own day,* all of which aro the legitimate 
offspring of Mandslay’s original rest. If this tool be yet 
extant, it ought to be preserved with the greatest care, 
for it was the beginning of those mechanical triumphs 
which give to the days in which we live so much of their 
distinguishing character.” 

A very few words of explanation will serve to illustrate 
the importance of Mandslay's invention. Every person is 
familiar with tho uses of tho common turning-lathe. It is 

* In this lathe the slide rest and screw underneath. The Rest, hewever, 
frame were moveable along the tra- afterwards underwent many important 
versing-tnr, according to the length of modidoations ; but the princ^e of tbs 
the work, and could oe placed in any whole mnehine w.as there, 
poaitlon and secured by a handle and 
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a favourite machine with amateur mechanics, and its em- 
ployment is indispensable for the execution of all kinds of 
rounded work in wood and metal. Perhaps there is no 
contrivance by which tho skill of the handioroftsman has 
been more effectually aided than by this machine. Its 
origin is lost in the shades of antiquity. Its most ancient 
form was probably the potter’s wheel, from which it ad- 
vanced, by successive improvements, to its present highly 
impinved form. It was found that, by whatever means a 
substance capable of being out could be made to revolve 
with a circular motion round a fixed right line as a centre, 
a cutting tool applied to its surface would remove the in- 
equalities so that any part of such surface should be equi- 
distant from that centre. Such is the fuudumental idea of 
tho ordinaiy tuming-latho. The ingenuity and expeiionoe 
of mechanics working such an instrument enabled them to 
add many improvements to it; until the skilful aitisan at 
length produoed not merely oirbular turning of the most 
beautiful and aoourate description, but exquisite figure- 
work, and complicated geometrical designs, depending 
upon the cycloidal and eecontrio movements wliiob were 
finm time to time added to the machine. 

The artisans of tho Middle Ages were very skilful in 
the nse of tho lathe, and turned out much beautiful screen 
and stall work, still to bo seen in our cathedrals, as well 
as twisted and swash- work for tlie bolustors of staircasos 
and other ornamental purposes. English mechanics seem 
early to have distinguishod themselves as improvers of the 
lathe j and in Moxon’s ‘ Treatise bn Turning,’ published 
in 1080, we find Mr. Thomas Oldfield, at the sign of the 
Flower-de-Luce, near the Savoy in tho Strand, named as 
on excellent maker of oval-engines and swash-engines, 
showing that snob machines wore then in some demand. 
Tho French wiitor Plumier * also mentions an ingenious 
modification of tho latiie hy means of which any kind .1 


• Pn'MiUR, Z’Aii de /burner, Paris, 1754, j. 165, 
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reticulated form could be given to the rvork ; and, from 
its being employed to oimament tbo bandies of knives, 
it was called by liim the “ Machine h mnncho do Couteau 
d’Angleterre.” But the French artisans were at that time 
much hotter skilled than the English in the use of tools, 
and it is most probable that wo owe to the Flemish and 
French Protestant workmen who flocked into England in 
such large numbers during the religions persecutions of 
the sixteenth and seventeenth centuries, the improve- 
ment, if not the introduction, of the art of turning, as 
well as many other arts hereafter to ho referred to. It is 
certain that at the period to which we refer luiinerous 
treatises were published in France on the art of turning, 
some of tliom of a most elaborate obaraoter. Snch were the 
works of Do la Hire,* who described how every kind of 
polygon might bo made by the latho ; De la Oondamino,t 
who showed how a lathe could turn all sorts of irregular 
figures by means of tracers ; and of Grand Jean,$ Morin, § 
rinmicr, Bergeron, and many other writers. 

The work of Pluioiev is ospcoially elaborate, entering 
into the constmotion of tho latho in its various parts, the 
making of tho tools and cutters, and the different motions 
to bo given to the machine by means of wheels, ecoontries, 
and other e.xpedients, amongst which may ho mentioned 
one very much resembling the slide rest and planing- 
machine combined. 1| From this work it appeal's that 
fuming had long been a favourite purenit in Franco with 


* iTachuiea iipprunceea par VAea- 
dimta, 1719. 

t ilaohinca approuveca par I’Aca- 
dimic, 1733. 

t Ibid. 

I L'Art de Tovmer en perfeoiion, 
1749. 

II It consisted of two parallel bora 
of wood or iron connected together at 
Loth extremities by bolts or keys of 
snHiciont width to admit of the ai'ticie 
required to be ptuned. A inoveible 


frame was pineul between the two 
bai-s, mutinn being given to it by n 
long cylindrical tliread acting on any 
tool put into the sliding frame, ami, 
consequently, causing the screw, by 
means of a hnndlo at each end of It, 
to push or draw the point or cutting 
cd^ of the tool eiuicr way, — llr. 
Gcoigc licnnie^s Fi-efore to Buchanan's 
Practical Haaaya on Mill WarA, SnI 
Ed, xli. 




210 


niiNtlV MAt/BSLilV. 


CiUf. !<lt, 


amateurs of all ranks, who spared no expense in the con- 
trivance and perfection of elahomte machinery for the pro • 
duetion of complex figures.* There was at that time a 
gi-eat passion for automata in Prance, which gave rise to 
many highly ingenious devices, such as Camus’s miniature 
carriage (made for Louis XIV. when a child), Degonnes’ 
meolitmioal peacock, Vaucanson’s duck, and hlaillardet’s 
conjuror. It had the effect of inti-oducing among the 
higher order of artists habits of nice and accurate work- 
manship in executing delicate pieces of machinery; and 
the same combination of mechanical powers which luado 
the steel spider crawl, tlie duck quack, or waved the tiny 
rod of the magician, contributed in future years to pur- 
poses of higher import, — tho wheels and pinions, which in 
these automata almost eluded the human senses by thoir 
minuteness, reappearing in modern times in the stujiendous 
meohanism of our self-acting lathes, spinning-mules, and 
itoam-ongines. 

“ In our own country,” says Professor "Willis, “ the lite- 
rature of this subject is so defective that it is very difficult 
to discover what progress we were making during the 
seventeenth and eighteenth centuries.” t Wo believe tho 
fact to ho, that the progress made in England down to tlio 
end of last century liad been veiy small indeed, aud that 


• 'riinnng was a favourite amuse- 
ment amoii;;st the French nobles of lost 
ccntniy, many of whom acquired great 
dexterity in the art, which they iurneil 
to account when compelled to emlgi'ate 
at the lievolution, Louie XVI. him- 
self was a very good locksmith, and 
could have earned a fin'r living at the 
ti-ode. Our own George III. was a 
good turner, and was learned iu wheels 
and treadlee, clrucks and citisels. Henry 
Uayhew says, on the antlicrity of an old 
working turner, that, with average iiv- 
dustiy, the King might have made from 
40s. to 50s. a-week as a hard wood and 
ivoiy turner, Lord .Tolm Hny, though 


ouc-nrmed, was un adept at the latter, 
and Lord Gray was another capital 
tumci’. Indeed the late Mr. Holt- 
zaptrel's elaborately illustrated tr-entise 
was written quite ns much for amateurs 
ne for working mechanics. Among 
other noble hattdicrailsnrcn we may 
mention tire late Lord Dougins, who 
cultivated bookbinding, Loi'd Tra- 
qnair's fancy was cutlery, and one 
could not coma to him in a more 
welcome fasliion than with a parr of 
old rnzors to sot up. 

•f Professor \Vll,Lts,Zsi!juros on Ms 
JJesiiMs of the Great ^Exhibition of 
}851, 1st series, p. 300. 
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the lathe had experienced little or no improvement until 
Maudslay took it in hand. Nothing soems to have been 
known of the slide rest until ho re-invented it, and applied 
it to the production of machinery of a far more elaborate 
uharacter than had ever before boon contemplated as pos- 
sible. Professor Willis says that Bmmah’s, in other words 
Mandalay’s, slide rest of 1794 is so different from that 
described in thePrenoh ‘Enoyclopddie’ in 1772, that the 
two could not have liad a common origin. We are there- 
fore led to the conclnsion that Mandslay’s invention wtis 
entire!}' independent of all that had gone before, and that 
ho contrived it for the special purpose of overcoming the 
di faculties which he himself experienced in tuming out 
duplicate parts in large numbers. At all events, he was 
so early and zealous a promoter of its use, that we think 
be may, in the eyes of all practical mechanics, stand as 
the pai-ent of its introduction to the workshops of England. 

It is unquestionable that at the time when Maudslay 
began the improvement of machine-tools, the methods of 
working in wood and metals were exceedingly imperfect. 
Mr. William Fairbairn. has stated that when he fir:st became 
acquainted -with mechanical engineering, abont sixty years 
ago, there were no self-aoting tools; evei’ything was ex- 
ecuted by hand. There were neither planing, slotting, 
nor shaping machines ; and the whole stock of an engineer- 
ing or machine establishment might be summed up in a 
few ill-oorrstr-uoted lathes, and a few drills and boring 
machines of rude oonstr-uotion.* Our mechanics were 
equally backward in oontiivanoes for working in wood. 
Thus, when Sir Samuel Bontham made a torn through the 
manu&ctuiing districts of England in 1791, he was sur- 
prised to find how little had been done to substitute the 
invariable accuracy of machinery for the uncertain dex- 
terity of the human hand. Steam-power was as yet only 


* Aiildreiis dsUvered before the Biitieh Assoeistion ei Manchester Is 
Ihdl. See ArpExnix HI. . 
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employocl in driving R^iinning-macliincs, rolling metals, 
jramping -water, and s-ucli like pm-poses. In the working 
of wood no machinery luid keen introduced beyond the 
common tui-ning-latlia and some eawa, and a few boring 
tools -used in making blocks for the navy. Even sa-ws 
Worked by inanimate force for slitting timber, tbongh in 
extensive -use in foreign countries, wore nowhere to bo 
found in Groat Britain.* As everything depended on the 
dexterity of hand and correctness of eye of the workmen, the 
work trunod out was of very unequal merit, besides being 
exceedingly costly. Even in the conslniction of compara- 
tively simple machines, the expense -was so great as to 
present a formidable obstacle to tbeir introduction and 
extensive use ; and but for fbe invention of maohine- 
making tools, the use of the steam-engine in the various 
forms in which it is now applied for the produotion of 
power could never have become general. 

In turning a piece of work on the old-fnshionod lathe, 
(ho workman applied and guided his tool by means of 
mu.soulur strength. The work was made to i-ovolvo, and 
the turner, holding the errtting tool firmly upon the long, 
straight, guiding edge of the rest, along which he canied 
it, and pressing its point firmly against the article to ho 
turned, was thus enabled to reduce its surface to tho 
required sizo and shape. Some doxlorous tuniers were 
able, with practice and carcfirliross, to execute very clover 
pieces of work by this simple means. But when the article 
to bo turned was of considerable size, and espooiallj'- when 
it was of metal, the expenditure of muscular stren^h was 
so great that the workman soon, became exhausted. Tho 
slightest variation in tho pressure of the tool led to an 
irregularity of surface ; and -with the utmost care on the 
workman’s part, he could not avoid occasionally cutting a 
littlo too deep, in consequence of whioli ho must necos- 
Burily go over the surface again, to reduce flic whole to 
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the level of that accidentally cut too deep ; and thus pos- 
sibly the job would be altogether spoiled by the diameter 
of the article under operation being made too small for its 
intended puipose. 

The introduction of the slide rest furnished a complete 
temedy for this source of imperfection. The principle of 
the invention consists in constructing and fitting the rest 
so that, instead of being screwed down to one place, and 
the tool in the hands of the workman travelling over it, 
the rest shall itself hold the cutting tool fiiauly fixed in it, 
and slide along the surface of the benoh in a direction 
exactly parallel with the axis of the work. Before its 
invention various methods had been tided with the object 
of enabling the work to be turned true independent of the 
dexterity of the workman. Thus, a square steel cutter 
used to bo firmly fixed in a bed, along which it was 
wedged from point to point of the work, and tolerable 
accuracy was in this way scoured. But the slide rest was 
much more easily managed, and the result was much more 
satisfactory. All that the workman had to do, after the 
tool was firmly fitted into tho rest, was merely to turn a 
sorew-handlo, and thus advance the cutter along the face 
of the work as required, with an expenditure of strength 
so slight as scarcely to he appreoiablo. And even this 
lahour has now heen got rid of ; for, by an arrangement of 
tho gearing, the slide itself has been made self-acting, and 
advances with tho revolution of the work in the lathe, 
which tlius supplies tho place of tho workman’s liand. 
Tho aocuraoy of tho turning done by this beautiful yet 
simple arrangement is as niodionioolly perfect as work can, 
be. The pair of steel fingers wbioh bold the cutting tool 
firmly iu their grasp never iii’e, and it moves along the 
metal to be cut with an accuracy and precision which the 
human hand, however skilled, coidd never equal. 

Tho effects of the introduction of the slide rest were 
very shortly felt in all departments of mechanism. Though 
it bad to encounter some of tbp ridieulo with which new 



214 , 


HBNint WA0DSLAT. 


Chap. XII. 


methods of -woiking are usually luceived, and for a time 
was spoken of in derision as “Maudslay’s 6o-eart,” — ^its 
practical advantages were so decided that it gradually 
made its way, and became an established tool in all the 
best mechanical workshops. It was found alike capable of 
executing the most delicate and the most ponderous pieces 
of maohinei'y ; and as slide-lathes could be manufactured 
to any extent, maohineiy, steam-engines, and all kinds of 
metal work could now bo turned out in a quantity and at 
a price that, but for its use, could never have been prac- 
tioablo. In course of time various modifioations of the 
machine wore introduced — such as the planing machine, 
the wheel-cutting machine, and other beautiful tools on 
the slide-rest principle, — ^the result of which has been that 
extraordinary development of mechanical production and 
power which is so charaoteristio a feature of the age wo 
live in. 

“ It is not, indeed, saying at all too much to state,” says 
Mr. Nasmyth,* a most competent judge in such a matter, 
" that its influence in improving and extending the use of 
machinery lias been as great as that produced by the 
improvement of the steam-engine in respect to perfecting 
manufactures and extending commerce, inasmuch as without 
the aid of the vast accession to our power of producing 
perfect mechanism which it at once supplied, we could 
never have worked out into practical and profitable forms 
the conceptions of those master minds who, during the last 
half century, have so successfully pioneered the way for 
mankind. The steam-engine itself, which supplies us with 
such unbounded power, owes its present perfection to this 
most admirable means of giving to metallic objects the 
most precise and perfect geometrical forms. How could 
wo, for instance, have good steam-engines if wo had not 
the means of boring out a tine cylinder, or turning a true 

• Scmarln: on the Introduction of of Mnehinory, In Buchanan’s iVaoItcal 
the Slide Prindjile in Tools and Hasaj/s on Mill Work and othor Ma 
Ifachinea employed in the ?i’odtiction (Ainety. 3rd ed, p. .307. 
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piston-rod, or pinning a valve fiioe ? It is this alone -ffliioh 
has furnished us with the means of cairying info practice 
the aooumulatod results of scientifo investigation on mecha- 
nical subjects. It would be blamable indeed,” continues Mr. 
Nasmyth, “ after having endeavoured to set forth the vast 
advantages which have been conferred on the medianical 
world, and therefore on mankind generally, by the invention 
and introduction of tho Slide Eest, were I to su 2 ipress tho 
name of that admirable individual to whom we are indebted 
for this powerful agent towards the attainment of mecha- 
nical perleotion. I allude to Heniy Maudslay, whose useful 
life was enlhusiastioallj' devoted to the grand object of im- 
jproving our means of jjroduoing perfect woi’knianship and 
machinery ; to him we are certainly indebted for the slide 
rest, and, coiiaeq[ucntly, to sny the least, wo are indirectly 
so for tho vast benefits which have resulted from the intro- 
duotion of so powerful an agent in perfecting our maohineiy 
and mechanism generally. The indefatigablo care which 
he took in inoulcating and diffusing among his workmen, 
and mechanical men goncrallj', sound ideas of ])ractioal 
knowledge and refined views of construction, have ren- 
dered and ever will continue to render his name identi- 
fied with all that is noble in the ambition of a lover of 
mechanical peifeotion." 

One of the first uses to which Mr. Maudslay applied tto 
imjjroved slide rest, which he perfected shortly after begin- 
ning business in Margaret Street, Cavendish Square, was 
in executing the requisite tools and machinery required by 
Mr. (afterwards Sir Marc Isamhard) Brunei for manufac- 
turing ships’ blocks. The career of Brunei was of a more 
romantic character than falls to the ordinary lot of mecha- 
nical engineers. His father was a small farmer and post- 
master, at tho village of Hacqueville, in Normandy, where 
Mare Isambai'd was bom in 1769. He was early intended 
for a priest, and educated accordingly. Bnthe was much 
fonder of the carpenter’s shop than of the school ; and 
omxing, entreaty, and punishment alike failed in making o 
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hopeful scholar of him. He drew faces and plans .uitil his 
father -was almost in despair. Sent to school at Eonen, his 
chief pleasure was in watching the ships along the quays ; 
and one day his curiosity was excited by the sight of some 
largo iron castings just landed. What were they ? How 
had they been made ? Whore did they come from ? His 
eager inquiries wore soon answered. They wore parts of 
an engine intended for the great Paris water-works ; the 
engine was to pump water by the power of steam ; and the 
castings had been made in England, and had just been 
landed from an English ship. “ England! ” exclaimed the 
boy, “ ah I when I am a man I will go see the country 
where such grand machines are made 1 ” On one occasion, 
seeing a now tool in a cutler’s window, he coveted it so 
much that he pawned his liat to possess it. This was not 
the right road to the priesthood ; and his father soon saw 
that it was of no use tu-ging him further : but the boy’s in- 
stinct proved traor than the father’s judgment. 

It was eventually deteminod that he should qualify 
himself to outer the royal navy, and at seventeen he was 
nominated to serve in a corvette as ‘'volontaho d’hon- 
nour.” His ship was paid off in 1792, and ho was at Paris 
during the trial of the King. With the inoautiousness of 
youth ho openly avowed his royalist opinions in the cafe 
which he frequented. On the very day that Louis was oon- 
domired to death, Einmel had on angry altercation wi tir some 
ullm-ropiiblioans, after which ho called to his dog, " Viens, 
oitoyen I ” Scowling loolm wore turned upon him, and ho 
deemed it expedient to take the first opportunity of escap- 
ing from the house, which he did by a back-door, and made 
the best of his way to Haoqucvillo. From thence ho wont 
to Eonen, and succeeded in finding a passage on hoard an 
American ship, in which ho sailed for New York, having 
first pledged his affections to an English girl, Sophia 
Kingdom, whom he had accidentally met at Hio house of 
Mr. Carpentior, the American consul at Eouen. 

Arrived in Aulcric^'^, ho succeeded in finding employ- 
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.iicnt as assistant surveyor of a tract of laud along the 
Black Eiver, near Lake Ontario. In the inteiTals of his 
liibonrs he made occasional visits to N’e'w York, and it was 
there that fho first idea of his hlock-inaehinery occurred to 
liim. He carried hi.s idea back with him into the woods, 
w'here it often mingled with his thoughts of Sophia King- 
dom, by this time safe in England after passing through 
the horrors of a French prison. “ My first thought of the 
block-machinery,” he onco said, “ was at a dinner party at 
Major-General Ilamilton’s, in Now York ; my second under 
an American free, when, one day that I was caiving letters 
on its bark, the turn of one of them reminded me of it, and 
I thought, ‘ Ah ! my block I so it must bo.’ And what do 
you think wore the lotters I was otitting ? Of course none 
other than S. K.” Brunei subsequently obtained some em- 
ployment as an architect in New York, and promulgated 
various jdans for improving the navigation of tho principal 
rivers. Among the designs of his which were earned out, 
tvas that of tho Park Theatre at New York, and a cannon 
foundry, in which he introduced improvements in cast- 
ing and boring big guns. But being badly paid for his 
Avork, and a powerfiil attraction dratving him constantly 
toAvards England, ho determined to take final leave of 
America, which he did in 1709, and landed at Falmoutli in 
the following March. There he again met Miss Kingdom, 
who had remained faithful to him during his six long years 
of exile, and the pair were shortly after united for life. 

Brunei AA'as a prolific inventor. During his residence in 
America, he had planned many contriA’anoes in his mind, 
Avhich he now proceeded to Avork out. The first Avas a 
diqfiicate Avriting aud draAving machine, Avhioh he patented. 
Tho next was a maohino for twisting cotton thread and 
foiming it into halls ; hut omitting to protect it hy a 
patent, he derived no benefit from the invention, though 
it shortly came into very general nse. He then invented 
a maohino for trimmings and holders for muslins, laAvns, 
and cambrics, — of the nature of 4 sewing maclfinc. Hi# 
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famous blook-maoliineiy formed the snbjoot of liis next 
patent. 

It may be explained that the making of the blocks em- 
ployed in the rigging of shiiis for raising and lowering 
the sails, masts, and yards, was then a highly important 
branch of mannfaoturo. Some idea may be formed of the 
mimbcr used in the Huyal Navy alone, from the fact that a 
74-gnn ship required to bo provided with no fewer than 1400 
blocks of various sizes. The sheaved blocks n.sed for the 
rnuniiig rigging consisted of the shell, the sheaves, which 
revolved within the shell, and the pins which fastened them 
together. The fabrication of those articles, though appa- 
rently simple, was in reality attended with much difficulty. 
Everj' part had to bo fashioned with groat accuracy and 
precision to ensure the easy working of the block when put 
together, as any hitch in the raising or lowering of the 
sails might, on certain omeigenoios, occasion a serious 
disaster. Indeed, it became clear that more hand-work 
was not to he relied on in tlie manufacture of the.so articles, 
and efforts wore early made to produce them by means of 
machinery of the most perfect kind tliat could bo devised. 
In 1781, Mr. Taylor, of Southampton, set up a largo esta- 
blishment on the river Itchen for their ninimfaoturo ; and 
on tho oxpiry of his contract, the Goverament dctcimiiiod 
to establish works of their own in Portsmouth Dockyard, 
for tho purpose at tho same time of securing greater eco- 
nomy, and of being independent of individual maJeers in 
the Bupjjly of an article of snob importiinco in the equip- 
ment of ships. 

Sir Samuel Bentham, who then filled the office of In- 
spoctor-Gonoral of Naval Works, was a highly ingenious 
person, and had for some years been applying his mind to 
the invention of improved maohinery for working in wood. 
Ho had succeeded in introducing into tho royal dock- 
yards sawing-machines and planing-maohinos of a superior 
kind, as well as block-making machines. Thus the speci- 
floatioB of one of bis patents, taken out in 1793, clearly 
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desci'ibes a macbine for Bbaping tbe sliells of tho blocks, it) 
a mannor similar to that afterwards specified by lininel. 
Bcntham had even proceeded with the erection of a build- 
ing in Portsmouth Dockyard for the manufacture of tlie 
blocks after his method, the necessary steam-engine being 
already provided ; but with a singular degree of candour 
and generosity, on Branol’s method being submitted to him, 
Sir Samuel at onoe acknowledged its superiority to his oto, 
and promised to recommend its adoption by the authorities 
in his department. 

Tho oirourastance of Mrs. Brunei’s brother being Dndor- 
Seorotaiy to the Navy Board at the time, pinbiibly led 
Brunei in the fiirst instance to offer his invention to tho 
Admiralty. A gi-eat deal, however, remained to bo done 
before ho could bring his ideas of tho block-machinery into 
a definite shape ; for ther'o is usually a wide interwul 
between the first conception of an intricate machine and 
its practical realization. Though Brunei had a good know- 
ledge of mechanics, and was able to master the intricacies 
of any machine, ho laboured under the disadvantage of not 
being a prnotioal mechanic ; and it is probable that but for 
the help of some one possessed of this important qualifica- 
tion, his invention, ingenious and important though it was, 
would Irave borne no practical fruits. It was at this junc- 
ture that he was so fortunate as to be introduced to Henry 
Maudslay, the inventor of the sliderest. 

It happened that a M. de Bacquancourt, one of tho 
Drench dmigr^s, of whom than were then so many in Loir- 
don, was accustomed almost daily to pass Maudslay’s little 
shop in Wells-street, and being himself an amateur turner, 
he curiously inspected the articles from time to time ex- 
hibited in the window of the young mechairic. One day 
a more than ordinarily nice piece of sorew-cutldng made 
its appearance, on which he entered the shop to malm 
rnqniries as to the method by which it had been executed. 
He had a long oonversatioB with Maudslay, with whom 
he was greatly pleased; and he was afterwards accustomed 
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to look in uiton him ocoasionally to boo what new work 
was going on. Bacqnancourt was also on intimate toms 
with Brunei, who communioatcd to him the diifieulty he 
had experienced in finding a mechanic of sufficient dexte- 
rity to execute his design of tho hlook-making machineiy. 
It immediately ooouiTed to the former that Henry Maudslay 
was the very man to oxeoute work of tho elaborate cha- 
racter proposed, and he described to Brunei the new and 
beautiful tools which Maudslay had contrived for the pur- 
pose of ensuring accuracy and finish. Brunei at once de- 
termined to call upon Maudslay, and it was aiTangod that 
Bacquanoourt should introduce him, which he did, and 
after the inteiwiew which took place Brunei promised to 
call again with tho drawings of his proposed model. 

A few days passed, and Brunei called with the first 
drawing, done by himself ; for he was a capital draughts- 
man, and used to speak of drawing as the “alpliabet of 
the engineer.” The drawing only showed a little bit of 
(ho intended maeliine, and Brunei did not yet think it 
advisable to communicate to Maudslay tho precise object 
he hod in view ; for inventore ai’e usually very chary of 
explaining their sohomes to others, for fear of being anti- 
cipated. Again Brunei appeared at Maudslay’s shop with 
a further drawing, still not explaining his design ; but at 
the third visit, immediately on looking at the fresh draw- 
ings he had brought, Maudslay exclaimed, "Ahl now I 
see what you are thinldng of; you want machinery for 
making blocks.” At tbis Brunei became more oommuni- 
cativo, and explained his designs to tho mechanic, who 
fully entered into his views, and went on Irom that time 
f jnvard striving to his utmost to work out the inventor’s 
conceptions and embody them in a practical machine. 

While still occupied on the models, which were begun 
in 1800, Maudslay removed his shop from Wells-stroet, 
where he was assisted by a single journeyman, to Margaret 
street, Cavondish-squaro, where he had greater room for 
oarrying on his trade, and was also enabled to increase 
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fhe number of hia banils. llio working models wore ready 
for inspection by Sir Samuel Bentham and flie Lords of 
the Admiralty in 1801, and having been fully approved 
by them, Brunei was authorized to proceed with the exo^ 
cution of the inquisite machinery for fhe manufacture of 
the ships’ bloelcs required for the Eoyal The whole 

of this machinery was executed by Henry Maudslay ; it oc- 
cupied him very fully for nearly six years, so that the 
manufacture of blocks by the new process was not begun 
Until September, 1808. 

We despair of being able to give any adequate descrip- 
tion in words of the inti’icate arrangements and mode of 
action of the block-making machinery. Lot any one at- 
tempt to desoriho the much more simple and familiar pro- 
cess by which a shoemaker makes a pair of shoos, and he wilt 
find how inadequate more words are to describe any meoba- 
nioal operation.* Suffice it to say, that the machineiy was 
of the most beautiful manufacture and finish, and even at 
this day will hear oompai-ison with the most perfect 
machines which can he tmned out with all the improved 
appliances of modern tools. The finming was of cast- 
iron, while the parts exposed, to violent and rapid action 
were all of the best haifiened steel. In turning out the 
various parts, Maudslay found his slide rest of indispensahlo 
Value. Indeed, without this contrivance, it is doubtful 
whether machinery of so delicate and intricate a character 
could possibly have been executed. There was not one, 
but many machines in the series, each devoted to a special 
operation in the formation of a block. Thus there were 
variotrs sawing-machines, — ^the Straight Cross-Cuttiug Saw, 
the Oirorrlar Cross-Cutting Saw, the Heoiprocating Ilipping- 
Saw, and the Cii-oulai Eipping-Saw. Then there were the 

* So far ns woiils itiid drawings oui and by Dr. Brewster iit the JEditibiay/t 
nerre to describe the block-making Oydojpieiiia. A very gond account 
maobinery, it will bo found very ably will also be found in TomlinBon’a 
described by Mr, Farcy in ills article Cyclopwilia of the Ustfal Arts, Art, 
onder this head in Gees'e Cj/clopijalia, “ Block." 
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Boring Machines, and the Mortising Machine, of beautifnl 
construction, for cutting the sheavo-holos, furnislied with 
numerous chisels, each making from 1 10 to 150 strokes a 
minute, and cutting at evoi-y stroke a chip as thick as paste- 
board with the utmost jireoisiun. In addition to these wore 
the Coriiei'-Saw for cutting off the corners of the block, 
the Shaping Machine for aoourately forming the outside 
surfaces, the Sooring Engine for cutting the groove round 
the longest diamolor of the block for the reception of the 
rope, and various other maohinos for drilling, riveting, and 
finishing the blocks, besides those for making the sheaves. 

The total number of maohiuos employed in the vari- 
ous operations of msiking a ship’s block by the new method 
was forty -four; and after being regularly employed in 
Portsmouth Dockyard for upwards of fifty years, t^y are 
still as perfect in their action as on the day they were 
erected. They constitute one of the most ingenious and 
oomplote collections of tools over invented for making 
aitides in wood, being capable of performing most of the 
practical operations of carpenti’y with the utmost aooumey 
and finish. The machines are worked by a steam-engine 
of 32-horse power, which is also used for various other 
dookym-d purposes. Under the new system of blook-mak- 
ing it was found that the articles were better mode, sup- 
plied with much greater rapidity, and executed at a greatly 
induced cost. Only ton men, with the new machinery, 
could perform the work which before bad required a 
hundred and ten men to execute, and not fewer than 
160,000 blocks of various kinds and sizes could bo tinned 
out in a year, worth not loss than 641,000/.* 


* The I'emaneratlon paid to Hr. 
Brand for his share in the invention 
was only one year’s savings, -which, 
however, were estimated by Sir Samuel 
Beniham at 17,6G8/. ; healdes which 
a grant of 6000/. was afterwards mads 
to Brund when Uhouring uuder pe- 
cuniary difBoulties. But the anmal 
la-ving :o the nation by tlie adoption 


of -the block-making madiinei'y was 
probably mora than the entire sum 
pnid to the engineer. Brund ailer- 
wni-ds invented other wood-working 
machinery, but none to compare in 
merit and escdlence with tha aho-ve. 
For fnrtlicr mrtlcalais of his earner, 
see Beamish’s Memoin of Sir More 
ImtAari Brunei, O.E, London,! 862. 
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The satisfactory execution of the block-machinery brought 
Maudslay a large accession of fame and business ; and iho 
premises in Margaret Street proving much too limited for 
his requirements) ho again resolved to shift his quarters. 
He found a piece of ground suitable for his purpose in 
Westminster Eoad, Lambeth. Little more than a century 
since it formed part of a Marsh, the name of which is still 
retained in the adjoining straet; its princijral productions 
being bubushes and willows, w'hich were haunted in cer- 
tain seasons by snipe and waterfowl. An enterprising 
riding-master had erected some promises on a part of the 
mai’sh, which he used for a riding-school ; but the specu- 
lation not answering, they were sold, and Henry Maudslay 
became the proprietor. Hither he removed his machinery 
from Margaret Street in 1810, adding fresh plant from time 
to time as it was required ; and with the aid of his late 
excellent partner he built up the far-famed establishment of 
Maudslay, Field, and Co. There he went on improving his 
old tools and inventing new ones, ns the necessity for them 
arose, until the original slide-lathes used for making the 
block-machinery became thrown into the shade by the 
comparatively gigantic machine-tools of the modern school. 
Yet the original lathes are still to be formd in tho collec- 
tion of tho firm in Westminster Eoad, and continue to do 
their daily quota of work with the same precision as they 
did when turned out of the hands of their inventor and 
maker some sixty years ago. 

It is unnecessary that we should desoriho in any great 
detail tho further career of Henry Mandslay. Tho rest of 
his life was full of useful and profitable work to others as 
well as to himself. His husiness embraced tho making of 
flour and saw mills, mint machinery, and stcani-engirrcs of 
all kinds. Before he left Margaret Street, in 1807, ho took 
out a patent for improvements in the steam-engine, hy 
which he much simpEfiod its parts, and secured greater 
directness of action. His new engine was called the Pyra- 
midal, because of its foiin, and was tho first move towards 
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wliaL uro iiuw called Diroct-aoting EiigincB, in wliich Ilia 
inovomeut of tho piston is coraniunicated by lateral con- 
necting-rods to tbe rotatorj movement of the orank-shaft. 
Mr. Nasmyth saj-n of it, that “on account of its great sim- 
plicity and get-at-ahility of parts, its compactness and self- 
coutaiued steadiness, this engine has been tho parent of a 
vast progeny, all more or loss marked by tho distinguishing 
foaturos of tho original design, which is still in as higli 
favour as over.” Mr. JIaudslay also directed his attention 
in like manner to tho improvement of tho marine ungiue, 
which he mode so simple and effective as to become in a 
great measure the tyjpo of its class; and it lias held its 
ground almost unchanged for nearly thirty years. Tho 
' liegent,’ which was the firat steamboat that jilied be- 
tween London and Margate, was fitted with engines by 
Mandslay in 1816 ; and it proved the forernimor of a vast 
number of marine engines, tho manufacture of which soon 
became one of tho most important branches of mechanical 
engineering. 

Another of Mr. Maudslay's inventions was his machine 
for punching boiler-plates, by which tho production of iron- 
work of many kinds was greatly facilitated. This improve- 
ment originated in the contract which he held for some 
years for supplying tho Royal Navy with plate iron for 
ships' tanks. The operations of sbcaiiiig and punching 
had before boon very imperfectly done by hand, with great 
expenditure of labour. To improve the style of the woik 
and lessen tho labour, Maudslay invented the machine now 
in general use, by which the holes punched in the iron 
plate are exactly equidistant, and tho subsequent operation 
of riveting is greatly facilitated. One of tho I’esults of the 
improved method was tho great saving which was at once 
effected in the cost of prcpai’ing tho plates to receive tho 
rivets, tho price of which was reduced from seven sliillinga 
per tank to niucponco. 

lie continued to devote himself to tho last to the im- 
provement of the lallio, — in his opinion tljo ma.slor-macliiuo 
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ihe life and soul of ciigine-tiii-uiug, of wliicli the jilaning, 
eorow-cutting, and other machines in common use, are hut 
modifications. In one of tho early lathes which ho oon- 
tii-ved and made, the mandiiU. was nine inches in diameter ; 
it was driven hy wheel-gearing lUce a crane motion, and 
adapted to different speeds. Some of his friends, on fli-st 
looking at it, said ho was going “ too fast;” biit he lived to 
see work projected on so large a scale as to 2)rovo that his 
conceptions wore just, and that ho had merely anticipated 
by a few j’ears tho mechanical progress of his time. His 
large removeablc bar-lathe was a highly important tool of 
tho same kind. It was used to turn surfaces many feet in 
diameter. While it could be used fjr boring wheels, or 
the side-rods of marine engines, it could turn a roller or 
cylinder twice or three times the diameter of its own 
centres from the ground-level, and indeed could drive 
round work of any diameter that would clear the roof oJ 
the shop. This was therefore an almost universal tool, 
capable of very extensive uses. Indeed much of the work 
now executed by means of special tools, such as the planing 
or slotting machine, was then done in the lathe, which was 
used as a cutter-shaping machine, fitted with various appli- 
ances accoi-ding to the work. 

Maudslay’s love of accuracy also led him from an early 
period to study tho subject of improved screw-cutting. 
The importance of this department of mechanism can 
scarcely be overrated, tho solidity and pemanenoy of most 
mechanical stractures mainly depending on the emploj'- 
meut of the screw, at the same time that the parts can be 
readily separated for renewal or repair. Any one can 
form an idea of tho importance of tho screw as an ele- 
ment in meohanioal construction by examining say a steam- 
engine, and counting the number of sorows employed in 
holding it together. Previous to the time at which the 
subject occupied the attention of our mechanic, the tools 
used for making screws were of the most rude and inexact 
kind. The screws were for the most part cut by hand • the 
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umall by filing, the larger by chipping and filing. In oonse* 
({ueiioe of the great difficulty of making them, as few wero 
used as possible ; and oottore, cotlerils, or forelocks, wore 
employed in stead. Screws, however, were to a certain 
extent indispensable; and each manufacturing establish- 
ment made them after their own fashion. There was an 
utter want of unifonnily. No system was obsei'ved as to 
“ pitch,” i. e. the number of threads to the inch, her was 
any rule followed as to the form of those threads. Every 
bolt and nut was a sort of specialty in itself, and neither 
owed nor admitted of any community with its neighbours. 
To such an extent was this inugularity carried, that all 
bolts and Ibeir corresponding nuts had to ho marked as 
belonging to each other ; and any mixing of thorn together 
led to endless trouble, hopeless confusion, and enormous 
expense. Indeed none but those who lived in the compar'o- 
tively early days of madhine-mannfaoturo can form an ade- 
quate idea of the annoyance occasioned by the want of 
system in this branch of detail, or duly appreciate the 
services rendered by Maudslay to mechanical engineering 
by the practical measures which he was among the first to 
introduce for its remedy. In his system of screw-cutting 
machinery, his taps and dies, and sorew-tacklo generally, 
ho laid the foundations of all that has since been done in 
this essential branch of maohine^construotion, in which ho 
was so ably followed up by several of the eminent me- 
oharrics brought up in his school, and move especially by 
Joseph Olemont and Joseph Whitwoiih. One of his earliest 
self-acting soiw lathes, moved by a guide-sorew and wheels 
after the plan followed by the latter engineer, out screws 
of large diameter and of any requhed pitch, As an illrrs- 
tration of its completeness and accuracy, wo may mention 
that by its means a screw five feet in lengtlr, and two inches 
in diameter, was out with fifty throads to the inch ; the nut 
to fit on to it being twelve inches long, and containing six 
hnndrod threads. This screw was principally used for di- 
viding scales for astronomical purposes; and by its moans 
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divisions wcro produced so minute that they could not bo 
dutocted withont the aid of a magnifier. The screw, ■which 
wa.s sent for exhibition to the Society of Arts, is still caro- 
fully preserved amongst the specimens ofMatidslny's handi- 
craft at the Lambeth Works, and is a piece of delicate work 
which every skilled meohanio ■will thoroughly a23preoiato. 
Yottho tool hy which this fine piece of turning was pio- 
duoed was not an exceptional tool, hut was daily employed 
in the ordinary work of the man'afiiotoiy. 

Like every good workman -who takes pride in his craft, 
he kcjit his tools in first-rate order, clean, and tidily ar 
r anged, so that he could lay his hand upon the thing he 
wanted at once, withont loss of time. They are still pre- 
seiwcd in the state in which he left them, and strikingly 
illustrate his love of order, “nattrness,” and dexterity. 
Hr. Nasmyth says of him that you could see the man’s cha- 
raoter in whatever work ho turned out; and as the con- 
noissonr in art ■will exclaim at sight of a piotuvo, “ That is 
Turner," or " That is Stansfield," detecting the hand of tire 
master in it, so the experienced meohanicran, at sight of 
one of his machines or engines, will be equally ready to 
exclaim, “That is Maudshry;” for the oharacteristio stylo 
of the master-mind is as clear to the experienced eye in the 
case of the finished machine as the iondres of the artist’s 
pencil are in the case of, the finished picture. E^very me- 
chanical contrivance that became the subject of his stirdy 
came forth from his hand and mind rearranged, simpli- 
fied, and made now, ■with the impress of his individuality 
stamped upon it He at once stripped the subject of all 
utmecessary complications ; for he possessed a wonderful 
faculty of knowing wkat to do without — the result of his oloar- 
rress of insight into mechanical adaptations, and the accu- 
rate and well-defined notions he had formed of the precise 
object to be aocomplished. “ Every member or separate 
machine in the system of block-machinery," says Mr. 
Nasmyth, “ is full of Mandalay’s presence ; and hr that 
machinery, as corrsfnioted by him, is to bo found tire piironl 
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of cvciy cngiuocriiig tool l)y fhc tiid of which we are 
now achieving such gi'cat Ibinge in recclianici)! conshiic- 
tion. To the tools of which Maudslay furnished the proto- 
types are we mainly indebted for the perfection of our 
textile machinery, our locomotives, our marine engines, 
and the various implements of art, of agriculture, and of 
war. If any one who can. enter into tlio details of this 
subject will be at the jiains to analyse, if I may so term 
it, tho niachinory of our modem engineering workshops, 
he will find in all of thorn the strongly-marked features 
of Mandalay’s jjarent machine, the slide rest and slide 
sj'stem — whether it bo a planing machine, a slotting 
machine, a slide-lathe, or any other of tlio wonderful tools 
which are now enabling ns to accomplish so much in 
mechanism.” 

One of tho things in which Mr. Maudslay took just 
pride was in tho exoollonoe of lus work. In designing and 
executing it, his main object was to do it in tho host pos- 
sihlo stylo and finish, altogether uTespectivo of tho pro- 
bahlo pecuniary results. This ho regarded in the light of 
a duty ho could not and would not ovado, .independent of 
its being a good investment for securing a future reputa- 
tion ; and tho charaotor which he thus obtained, although 
at times purebased at great cost, oveutually justified the 
soundness of his views. As tho eminent Mr. Penn, the 
head of tho great engineering firm, is accustomed to say, 
“ 1 cannot afford to turn ont sccond-rato Avoi’k,” so Mr. 
Maudslay found both charaotor and profit in striving after 
Ihe.highost excellence in his productions. He was paiii- 
onlar oven in the minutest details. Thus one of tho points 
on which he insisted— apparently a trivial matter, hut in. 
reality of considerable importance in mechanical conslmc- 
tion — was the avoidance of shaa’p interior angles in iron- 
work, whether wrought or cast ; for ho found that in such 
interior angles cracks wore apt to originate ; and when tho 
article was a tool, the shai-p angle was less pleasant to tho 
hand as well os tc tho eye. In th^ application of hit 
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favourite round or liollow eomor system — a.*!, for inslanee, 
in tlie ca-sc of the points of junction of the arms of a -wheel 
■with its centre and rim — ^be used to illustrate its superiority 
by holding up his hand and pointing out the nice rounded 
hollow at the junction of the fingers, or by referi-ing to the 
junction of the branches to the stem of a tree. Hence he 
made a point of having all the angles of his machine frame- 
work nicoiy rounded off on theii- exterior, and carefully- 
hollowed in their interior angles. In forging such ai-ticles 
ho would so shapo his metal before bending that the result 
should be the right hollow or rounded comer when bent ; 
the anticipated external angle falling into its proper place 
■u’hen the bar so shaped was brought to its iiltimiite fom, 
In all such matters of detail he was greatly assisted by his 
early dexterity as a blaclcsmith ; and ho used to say that to 
be a good smith you must be able to m in the bar of iron 
the object proposed to bo got out of it by the hammer or 
the tool, just as tho sculptor is supposed to see in the block 
of stone tbo statue wbiob ho proposes to bring forth from 
it by his mind and his chisel. 

Mr. Maudslay did not allow himself to forget his skill in 
the use of the hammer, and to the lost he took pleasure in 
handling it, sometimes in tho way of business, and often 
through sheer love of his art. Mr. Nasmyth says, " It was 
one of ruy duties, while acting as assistant in his hoautifiil 
'ittle workshop, to keep up a stock of birndy burs of lead 
which he had placed on a shelf nnder his work-bench, which 
was of thick slate for the more ready making of his usual 
ilhrstralivo sketches of machinery in chalk. His love ol 
iron-forging led him to take delight in forging tho models 
of work to be ultimately done in iron ; and cold lead being 
of about tho same malleability as red-hot iron, furnished 
a convenient material for illustrating the method to ho 
adopted with tho largo work. 1 well remembor the smile 
of satisfaction that lit up his horrost face when he met with 
a good excuse for ‘ having a go at’ one of the bars of lead 
with bawmev and anvil jvs if it wore a bar of iron ; and 
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how, with a few doxtoions strohcB, iJimohings of holes, aiul 
I’ounded notches, ho would give the rough bar or block ila 
desired form. Ho always aimed at working it out of tho 
solid as ranch as possible, sc as to avoid tho risk of any 
ooncoalod defect, to which ironwork hnilt np of wcldod 
pai’ts i.s so liable ; and when he hod thus clovcrly finished 
his laodol, ho used forthwitli to send for tho fovciuan of 
smiths, and show him how ho was to instruct his men as 
to the proper forging of tho desii-ed object.” One of Hr. 
Maudbla3'’s old workmen, when informing us of tho skilful 
manner in which ho handled tho file, said, “ It was a pleasure 
to see him handle a tool of any kind, but ho was quite 
spknJtd with on oigh toon-inch file!” Tho vice at which 
ho worked was constiraoted by himsolf, and it was porfoot 
of its hind. It could be turned round to any position on 
tho bench ; the jaws would tiuii from tho horizontal to the 
poipondicular or any other position — npside-do\vn if nooos- 
sai-y — and they would open twelvo inches parallel. 

Mr. Nasmyth furnishes tho following further recollcc- 
iions of Mr. Maudslaj', which wrill serve in some ineasuro 
to illustrate his personal character. “ Henry Maudslaj',” 
he says, “lived in tho dajra of snutf- taking, which un- 
happily, as I think, has given way to tho oigar-smoking 
sj^stem. He enjoyed his oocasional pinch vory much. 
It generally preceded tlie giving out of a now notion or 
suggestion for an improvement or alteration of somo job in 
hand. As with moat of those who enjoy their pinoh, about 
three times ns much Avas taken betAveen tho fingers as was 
utilized by the nose, and tho oousequonco was that a largo 
unconsumed suiplus collected in tlio folds of the master’s 
waistcoat as he sat working at his bench. Bometimos a 
file, or a tool, or somb small piece of work would drop, and 
then it was my duty to go doAvn on my Imeos and fetch it 
up. On such occasions, while wailing for tho article, he 
would take tho opportunity of pulling doAvn his waistcoat 
front, wHoh had become disarranged by his onergotio 
working at tho bench ; and manj' a ilmo ha.ve T conio up 
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with the droppoil article, lialf-blinded by the snuff jerked 
into my eyes &om off Ills waistcoat front. 

“ All the while he was at work he would he narrating 
some incident in his past life, or describing the progress of 
some new and impoi-tant undertaking, in Ulustrating which 
ho would use tbo bit of chalk ready to his hand upon the 
slate bench before him, which was thus in almost constant 
use. Ono of the pleasures he indulged in while he sat at 
work was Music, of which he was very fond, — ^moro 
particularly of melodies and airs which took a lasting hold 
on his mind. Hence he was never without an assortment 
of musical boxes, some of which were of a largo size. One 
of these he would set agoing on his library table, which 
was next to his workshop, and with the door kept open, 
ho was thus enabled to enjoy the music while he sat work- 
iirg at his bench. Intimate Mends would frequently call 
upon him and sit hy the horn-, hut though talking all the 
while he never dropped his work, but continued employed 
on it with as much zeal as if ho were only beginning 
life. His old Mend Sir Samuel Bentbam was a Mquent 
caller in this way, as well as Sir Isarabard Brunei while 
occupied with his Thames Tunnel works,* and Mr. Chantrey, 
who was accustomed to consult him about the casting of 
his bronze statuary. Mr. Barton of the Koyal Mint, and 
Mr. Donkin the engineer, with whom Mr. Barton was 
associated in ascertaining and devising a correct system of 
dividing the Standard Yard, and many others, had like 
audience of Mr. Maudslay in his little workshop, for 
friendly oonverae, for advice, or on affairs of business. 

“ 1^ was a speoial and constant practice with him on u 
workman’s holiday, or on a Sunday morning, to tako u 
walk through his workshops when tdl was quiet, and then 

* Among the last works executed Tamiel. lie also supplied Uie puiuis 
by the firm during Mr. Mitudslay's ing^ngines for the same great work, 
lltetime was the famous Shield em> the completion of wMcb he did not 
ployed by liis fidend Brunei in carrying live to see, 
nnvnrd the excavation of the Thamea 
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uud tliero examine tlie vaiiona jobs iu bund. Ou sucli 
ocoasions lie carried ■with him a piece of chalk, with 
which, in a neat and very legible band, ho would record his 
remarks in the most pithy and sometimes canstio tonns. 
Any evidence of want of coiTectness in setting things 
equaro, or in ‘ flat filing,’ which he held in high esteem, 
or imtidinoss in not sweeping down the bench and laying 
tie tools in order, was sure to have a record in chalk made 
on the spot. If it was a mild case, the reproof was 
recoified in gentle terms, simply to show that the master’s 
eye was on the workman ; but where the case desoived 
hearty approhation or required equally hearty reproof, tiro 
words employed were few, but ■went straight to the mark. 
Those chalk jottings on the bench were held in the highest 
respect hy the workmen themselves, whether they eon. 
veyed praise or blame, as they wore sure to be deserved; 
and when the men next assembled, it soon became known 
all over the shop who had received the honour or otherwise 
of one of the master’s bench memoiunda in chalk.” 

The vigilant, 'the critical, and yet withal the generous 
eye of the master being over alibis workmen, it will readily 
be understood how Maudslay’s works came to ho regarded 
as a first-class school for mechanical engineers. Every one 
felt that the quality of his workmanship was fully under- 
stood; and, if he had the right stuff in him, and was 
determined to advance, that hia progi-oss in skill would bo 
thoroughly appreciated. It is scarooly neoessoiy to point 
out how this feeling, pervading the establishment, must 
have operated, not only in maintaining the quality ^of the 
work, but in improving the character of the worlnnen. The 
results were felt in the increased practical ability of a largo 
number of artisans, some of whom subsequently rose to 
the highest distinction. Indeed it may be said tbat wbat 
Oxford and Cambridge ai'6 in letters, workshops euoh as 
Maudslay’s and Penn’s are in mechanics, hior can Oxford 
and Cambridge men bo prouder of the connection with their 
respective colleges than moebnnics such 4 S ‘Whitworth, 
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Nasmyth, Eoborts, Muir, and Lewis, are of their conneo- 
tion with the school of Mandslay. For aU these dis- 
tinguished engineers at one time or another formed part 
of his working staff, and were trained to the exercise of 
their spcoial abilities under his own eye. Tho result has 
been a development of mechanical ability the like of which 
perhaps is not to be formd in any age or countrj'. 

Although Ml'. Mandslay was an unceasing inventor, he 
troubled himself very little about patenting his inventions. 
He considered that the superiority of his tools and tho 
excellence of his work were his surest protection. Yet he 
had sometimes tho annoyance of being threatened witli 
actions by persons who had patented tho inventions which 
he himself had made.* lie was much besot by inventors, 
sometimes sadly out at elbows, but always with a bound- 
less fortune looming before them. To such as applied to 
him for advice in a frank and candid spirit, he did not 
hesitate to speak freely, and communicate the results of 
his great experience in the most liberal manner ; and to 
poor and deserving men of this class ho was often found as 
luady to help them mth his purse as with his still more 
valuable advice. He had a singular way of estimating the 
abilities of those who thus called upon him about their 
projeots. The highest order of man was marked in his 
own mind at 100 ; and by this ideal standard he mea- 
sured others, sotting them down at 90, 80, and so on. A 
very first-rate man ho would set down at 95, but men of 
this rank were exceedingly rare. After an interview with 
one o£ the applicants to him for advice, he would say to 


* Ills principal patents were — two, 
taken out in 1805 and 1808, while in 
jyiargaret Street, for printing calicoes 
(Nils, 2872 and 8117) ; one taken out 
in 1806, in conjunction with Hr. 
Donkin, for lifting heavy weights 
(2948) ; one taken out in 1807, while 
silif in Mnrgai'et Street, for improve- 
qienis ip the sfxam-engine, reducing it^ 


parts and rendeiing it more com|iact 
and portable (8050); another, taken 
out in conjunction witii Robert Dickin- 
aon in 1812, for sweetening water and 
other iiquiib (3538),- and, lastly, a 
wttent taken out In conjnnction with 
Joshua Fieid in 1824 for preventing 
concentration or brine in hoiI$re (502 1), 
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his pupil Nasmyth, “ Jam, I think that man may ho sot 
down at 46, but he might be worhed up io 60 ” — a common 
enough way of speaking of Iho working of a stoam-ongino, 
but a somewhat novel though by no means an inexprossivo 
method of estimating Uio powers of an individual. 

Ihit while he had much toleration for modest and meri- 
torious inventors, ho had a great dislike fur secret-mongerif, 
— schemons of the close, cunning sort, — and usually made 
short work of them. Ho had an almost equal aversion 
for what ho called the “fiddle-faddle inventors,” with 
their omnibus patents, into which they packed every pos- 
sible thing that their noddles could imagine. “ Only once 
or twice in a century,” said ho, “does a great inventor 
appear, and yet here wo have a set of fellows each taking 
out as many patents as would fill a cart,— some of them 
embodying not a single original idea, but including in their 
specifications all manner of modifications of well-luvown 
processes, as well as anticipating the arrangements which 
may become practicable in the progress of mechanical 
iiuinovemout.” Many of these “ patents ” ho regarded as 
more pit-falls to catch tlie unwary ; and he spoke of such 
“ inventors” as the posts of the profession. 

The peraoneil appearance of Heniy Maudslay was in 
correspondence with his character. He was of a com- 
manding presence, for ho stood full six feet two inches in 
height, a massive and portly man. His face was round, 
full, and lit up with good humour. A fine, largo, and 
square forehead, of the gi’ond oonstruotivo order, dumi- 
nated over all, and his bright keen eye gave energy and 
life to his countenance. He was thoroughly “jolly" and 
good-natured, yet fhll of force and clmracter. It was a 
positive delight to hear hi.s cheerful, ringing laugh. lie 
was cordial in manner, and his frankness set everybody at 
their ease who had occasion to meet Him, even for the 
first time. No one could bo more faithful and consistent 
in his friendships, nor more firm in tiro hour of adversity. 
In fine, Henry Mandslay rvos, as desorihed bv Ins friend 
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Mr. Xa.smyflj, llio Tory beau ideal of an hoiicijt, iijniglit. 
Btraight-forwavd, bard- -working, intelligent l£nglisbman. 

A Kevoro cold whicb be caught on bis way borne from 
one of bis yisits to rranoo, was tbo causo of bis dcalli, 
wbicb occuiTcd on tbo 14th of Febnuiry, 1831. The void 
wbicb bis decease caused -was long and deeply felt, not 
only by bis family and bis lorge circle of friends, but by 
his workmen, wbo admired biin for his industrial skill, 
and loTcd him because of bis invariably manly, gonei’ous, 
and upright conduct towards them. Ho directed that bo 
should be buried in 'Woolwich parisb-oliurcbyard, where 
a oast-hon tomb, made to his own design, was erected over 
bis remains. Ho bad ever a wann heart for 'Woolwich, 
whore he had been bom and brought np. He often 
returned to it, sometimes to cany his mother a share of 
his week’s wages while she lived, and afterwards to re- 
fresh himself with a sight of the neighbourhood with 
which ho had boon so familiar when a hoy. He liked its 
green common, with the soldiers about it j Shooter's Hill, 
with its out-look over Kent and down tho valloy of the 
Thames ; the river busy with shipping, and the royal craft 
loading and unloading their armaments at the dockyard 
wharves. He liked the clajrgonr of the Arsenal smithy 
where he had first learned bis art, and all the busy in- 
dustry of the place. It was natural, therefore, that, being 
proud of bis early connection with "Woolwicb, ho should 
wish to lie there ; and Woolwieh, on its part, lot us add, 
has equal reason to be proud of Henrj' kluudslay. 
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'■ It is iilinobt imposSiLli! to ora'-cstimate the impoiiimct of thcM 
iii7r.Htions. The Gvceka would have elevated their uuthova among the 
gods ; nor vrill the enlightened judgment of moilern times denjr them the 
place among tlieir fellow-racn which is so nndcniahly their dni>.” — Eilin- 
burgh Seotew. 

Th,vt skill in luoclianical contuivaiico is a lanlter of etluoo- 
tion and training as woll as of inborn faculty, is clear from 
the foot of so many of our distinguished mochanics under- 
going tho same kind of practical discipline, and porhops 
still more so from tho oiromnstanoe of so many of them 
jiassing through the same workshops. Thus Maudslay and 
Olomont were trained in tho workshops of IBrainah; and 
Roberts, ‘VYhitwotth, Nasmyth, and others, wore trained in 
those of Maudslay. 

Joseph Clement was bom at Groat Ashby in 'Woslinore- 
land, in tho year 1779. His father was a hand-loom 
weaver, and a man of romarkablo culture considering his 
liumblo station in life. He was an ai'dent student of 
natm'al history, and possessed a much more complete 
knowledge of several sub-branches of that soienc© than 
was to have boon looked for in a common working-num. 
Ono of the departments which ho specially studied wa.s 
Entomology. In his leisure hours he was accustomed to 
traverse the country searching the hedge-bottoms for 
beetles and other insects, of which ho foimed a romaakahly 
complete collection j and the capture of a rare spocimen 
was qnito an event in his life. In order more delibe- 
rately to study the Ijabits of tiro boe tribe, ho had a 
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iiniulier of hives constnictcd for the purpose of ciiahliug 
him to ^vatch their pi-oceedings without leaving his work ; 
and the pursuit was a source of the gi-eatest pleasure to 
him. He was a lover of all dumb creatures ; his cottage 
was haunted hy birds whidi flew in and out at his door, 
and some of them became so tame as to hop up to him and 
feed out of his hand. “ Old Gloment ” was also a hit of a 
mechanic, and such of his leisure moments as ho did not 
devote to insect-hunting, wore empl()3'fd in working a lathe 
of his o^vn construction, which ho used to turn his bobbins 
on, and also in various kinds of amateur mechanics. 

His hoy Joseph, like other poor men’s sons, was early 
set to work. He received very little education, and learnt 
only the merc.st mdiments of reading and writing at the 
village school. The rest of his education he gave to him- 
self as he grew older. His fother needed his help at the 
loom, where ho worked with him for some years ; hut, ns 
handloom weaving was graduallj' being driven out hy im- 
proved mechanism, the father prudently resolved to put 
his son to a bettor trade. They have a saying in Cnmhcr- 
laud that when, the hahns reach a certain, age, they are 
thrown on to the house-rigg, and that those who stick on 
are made thatcliers of, while those who fall off are sent to 
St. Bees to bo made parsons of. Joseph must have been 
one of those that stuck on— at all events his father decided 
to make him a thatoher, afterwords a slater, and he worked 
at that trade for five years, between eighteen and twenty- 
throe. 

The son, like the father, had a strong liking for me- 
chanics, and as the slating trade did not keep him in regular 
employment, especially in winter time, ho had plenty of 
opportimity for following the bent of his inclinations. Ho 
made a friend of the village blacksmith, whose smithy he 
was accustomed to frequent, and there he learned to work 
at the forge, to handle the hammer and file, and in a short 
time to shoe horses with considerable expertnoss. A cousin 
of his named Favor, a clock and watchmaker by trade, 
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liaTiug rotuviieil to tho village from Lomlou, bi'onglit with 
him some boots on mooliaiiics, which ho lent to Joseph to 
road; and they kindled in. Mm an ardent desire to ho a 
mechanic instead of a slater. He novortholoss continncd 
to maintain himsolf by tlie latter trade for somo time 
longer, until his skill had gi'owu ; and, by way of cultivat- 
ing it, he dotorininod, with the aid of his friend tho village 
blacksmith, to make a turnmg-latho. The two set to work, 
and tho result was tho prodnotion of an article in every 
way superior to that made by Cloment’s fathor, which wiis 
accordingly displaced to m.ako room for the now machijio. 
It was found to work very satisfactorily, and by ils moans 
Joseph proceeded to turn fifes, flutes, olarinel.q, and haut- 
boys ; for to his other aocomplishments ho joined that of 
music, and could play upon tho instnnntmts tliat ho made. 
One of his most ambitious efforts was tho making of a 
pair of Northumberland bagpipes, wliioh ho finished to liis 
satisfaction, and performed upon to tho groat delight of tlio 
villagers. To aasi.st his father in his entomological studies, 
ho even contrived, with tho aid of the doscriptions given in 
tho books borrowed from his cousin tho watchraukor, to 
make for him a miorosoope, from which ho proncodod to 
make a roflooting telescope, which proved a very good 
instrument. At tMs oarlj' period (1 80d) he also seems to 
nave directed his attention to scrow-making — a brancli of 
mechanics in which ho afterwords beoaine famous; and ho 
proceeded to make a pair of vory satisfooloiy dio-atocks, 
though it is said that ho had not heforo soon or oven hoard 
of suoh a oontrivanco for making screws. 

So clever a workman was not likely to remain long a 
village slater. Although the ingenious piocos of work 
which he turned out by his latho did not bring him in 
much money, ho liked the occupation so much hotter than 
slating that ho was gradually giving up tliat trade. His 
father urged him to stick to slating as “ a safe thing; ’ Imi 
Ilia own mind was in favour of following his instinct to bo 
a mechanic; and at length ho dotenuiued to leave Ms village 
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and seek work in a now lino. lie sncceoded in finding 
employment in a small facfory at. Kirby Stephen, a toAvn 
Rome thirteen miles from Great Ashby, where he worked 
at making power-looms. From an old statement of account 
against his employer which we have seen, in his own 
handwriting, dated the 0th September, 1806, it appears that 
his oarningn at snob work as “ fitting tho first sot of iron 
loames,” “ fitting tip shittlos,” and “making meddles,’’ wore 
os. 6d. a day ; and ho must, during tho saino time, have 
lived with his employer, who charged him as a set-off “ 14 
woaks bord at Sa. per weak.” He aftorwai-ds seems to have 
worked at piece-work in partnership with one Andrew 
Gamble— supplying tho materials as well as the workman- 
ship for tho looms and shuttles. His employer, Mr. George 
Diokiuson, also seems to have bought his reflecting tolo- 
soope from him for tho sum of 121. 

Prom Kirby Stephan Oloment removed to Carlisle, whore 
ho was employed by Forster and Sons during tho next 
two years at tho same description of work ; and ho con- 
ducted himself, according to their certificate on his leaving 
their employmont to proceed to Glasgow in 1807, “with 
groat sobriety and industiy, entirely to their satisfaction." 
While working at Glasgow as a turner, ho took lessons in 
drawing from Peter Nicholson, the well-known writor on 
carpentry — a highly ingenious man. Nicholson happened 
to call at tho shop at whioh Clement worked in order to 
make ii drawing of a power-loom ; and Oloment’s' expres- 
sions of admiration at his cxporlnoss woro so enthusiastic, 
that Nicholson, pleased with tho youth’s praise, asked if he 
could bo of service to him in any way. Emboldened by 
tho offer, Clement requested, as tho greatest favour bo 
could confer upon him, to have tho loan of the drawing ho 
had just made, in order tliat ho might copy it. Tho request 
was at once complied with ; and Clement, though very poor 
lit tho time, and scarcely able to buy candle for the long 
winter evenings, sat up late every night until hO' had 
finiHhod it. Though tho fimt dmwi'ig ho hud ever made, 
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ho handed it haok io liicholson iiistoud of the original, and 
at first llio drauglitsinan did not rocoguiso that tho drawing 
was not his own. When Clemont told him tliat it was 
only the copy, Nicholson’s brief but omphatio praise was — 
“Young man, you'll do!” Proud to have auoh a pupil, 
Nicholson gonorously offored to give him gratuitous lessons 
in drawing, which wero tluinkfidly acooptodj and Clemont, 
working at nights with gi'oat ardour, soon made rapid pro 
gross, and bocamo an export dmughlsman. 

Trade boiug -verY alack in Glasgow at the time, Clomont, 
after about a year’s stay in tiro place, accopied a situation 
with Messrs. Lej's, Masson, and Co., of Abordoon, with 
whom ho began at a guinoa and a half a week, from which 
Im gradually roso to two guineas, and ultimatoly to Ihroo 
guineas. His principal work oonsistod in designing and 
making powor-looms for bis employers, and fitting thorn 
up in difforont parts of the oouniry. Ho oontinuocl to 
devote himself to tho study of pvaotioal moohanics, and 
niado many improvements in tho tools with which he 
worked. "SVliile at Glasgow ho had mado an improved 
pair of die-stocks for screws ; and, at Aberdeen, he made 
a tuming-lathe with a sliding mandrill and guide-screws, 
for cutting screws, furnished also with tho moans for cor- 
recting guide-scrows. In tho same machine he introduced 
a small slide rest, into which he fixed the tool for cutting 
tho screws, — having never before seen a slide rest, though 
it is very probable he may have hoard of what Mandalay 
had already done in the same direction. Clemont con- 
tinued during this period of his lifo an indnsfi’ious self- 
cultivator, oooupying most of his spare hours in moohanical 
and landscape i’awing, and in various studies.' Among the 
papers left behind him wo find a ticket to a course of in- 
struction on Natural Philosophy given by Profossor Cop- 
land in tho Marisohal College at Aherdoon, which Clomont 
attended in the session of 1812-13 ; and wo do not doubt that 
our meohanio wa.s among the most diligent of his pupils. 

Towards the end of 181.1, after saving nhimt 100/. out of 
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lii« wages, Clomeiit rosolvotl to proceed to Loudon for tlio 
imrpoBO of impio-ving himself in liis tvado and pnsliing liis 
way in the world. The coach by which ho travoilod sot 
him down in Snow Hill, Holliorn ; and hie first thought 
was of finding work. He had no friend in town to consnlt 
on the matter, so ho made inquiry of the coach-guard 
whether ho know of any person in tho mechanical line in 
that neighbourhood. Tho guaul said, “Yes; there M'as 
Alo.'cander Galloway’s show shop, just round the norner, 
and ho employed a large number of hiinds." Ilunning 
round the corner, Olomont looked in at Galloway’s window, 
through which he saw some lathes and other articles used 
in machine shops. Ne.vt morning ho culled upon the owner 
of the shop to ask employment. “ What can you do ?” 
asked Galloway. “ I can work at tho forgo,” said Olonient. 
“ Anything else ?” “ I can turn.” “ What elso ?” “ I 

cair draw.” “What!” said Galloway, “can you draw? 
Then I will engage you.” A man who could draw or work 
to a drawing in tlioso days was regarded as a superior sort 
of mechanio. Though Galloway was ono of the loading 
tradesmen of his time, and had exoollent opportunilics for 
advancement, ho missed them all. As Olemont afterwards 
said of him, “ He was only a mouthing oommon-coiinoil 
man, the height of whose ambition was to bo an alderman 
and, like most corporation oolebrities, ho held a low rank 
in his own business. Ho very raroly wont, into his work- 
shops to Buporintond or direut his workmon, leaving this 
to his forcinon — a sullioient indication of the causes of his 
failure as a laooluinio.* 


* Ml'. (Jiilluwny lltuJ up for 
I.ni'il DuiuluniilA n wiir iitiininui', at 
wliioli llio 1.1 to \V. Hi-idgos Ailaina 
gAVO 11 curious account iu TM 
JSngineer, Ills Lordship was cou- 
aulting engineer, and Mr. Galloway 
tho eneoutivc. TIio steamer was flltcvl 
with engines, and had holes out in 
her hottoiUi covered with air-tight 


jmddle-ciuu.'i, .ii winch Ihr jinddles 
wero buried, niid ooiiceoled from nil 
hut such (ishes as might pass hcloir 
her bottom. When the steninei' was 
tried, tho only resuit was to illl the 
loildie-cnses with water, aud rliurii it 
nstily tlierein. It would hare uijulo 
oit admirable batter machine, but 
there was no jot of propulsion, and 
B 
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On ontoring Galloway'K sliop, Olomeni was fii’s1.oiii])loyctl 
in worldng at llio lathe; hut fiiuliiig tlio tools t-o bad 
Uiat it -was imiio.ssiblo to exoonto satisfactory ■work willi 
lliein, lie at oiico -wont to the forgo, and began making 
a no'w set of tools for biinself. Tho other men, to -whom 
such a proooodiug was entirely now, came round him to 
observe liis operations, and they were much struck with 
his manual dexterity. Tho tools made, ho pToeeodod to 
use them, displaying what seemed to the other workinon 
an unusual dogi'oo of energy and intolligenco ; and some 
of the old hands did not hesitate already to pronounce 
Clement to be tho best ineoluiuio in tho shop. AVhcu 
Saturday night oamo round, tho otlior men wore onrious to 
know what wages Galloway would allow tho new hand ; 
and when he had been paid, they asked him. “ A guinea,’’ 
ws the reply. “ A guinea 1 Why, you are worth two if 
you are worth a shilling,” said an old man who onrao out 
of the rank — an excellent moobanio, wbo, tliougli com- 
paratively worthless through his devotion to drink, Iroow 
Clomeiit’s money value to his employer hottor than any 
man Ihoro; and ho added, “Wait for a weok or two, 
and if you are not hotter- paid than this, I can toll 
you of a master who will give you a foiror wngo." 
Several Saturdays came round, but no advance was 
made on the guinea a week; and then tho old workman 
recommended Olomont to offer himself to Bramah at 
Pimlico, who was always on the look out for firsl-rnto 
meohonioB. 

Clomoht acted on the advice, and lock with him wnio 


Iho pvooess conld be pevfonncd bb well 
nf niidior ns iiniler weigh. Tlie wnl or- 
level wns then kept down by the in- 
jeution of iitr Into tho pnilale-cnics. 
The steamer was, again tried, but It 
was still found immovable. The holes 
In the bottom of the ship were then 
boarded up, and she sailed on her 
voyage to Cfaih, She rounded Cope 


Horn, and arrived at her liosthialiim. 
Tho bonids ivero taken oil hor bottom, 
stenm was got up in tho hoilcvs, nnil, 
nircr an unavailing attempt to propel 
her six miles, she was moored in the 
li'isborman’s Bay, where sfje wont 
down at hor nnclioi's in a northern 
gale, atler linving cost the Chilian 
Uovetnment upwards of 80 , 0001 . 
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of JiiH drawings, at aiglit of wliioli Bramah immodiatoly 
engaged him for a month ; and at the ond of that time ho 
had given so nitioh satisfaction, that it was agreed ho 
should continue for throe months longer at two guineas 
a week. Olemont was placed in charge of the tools of the 
shop, and he showed himself so apt at introducing im- 
provomonts in them, as well as in organizing the work 
with a view to despatch and oconomj', that at the end of 
the term Bramah made him a handsome present, adding, 
“ If I had secured your servioes five years sinco, I would 
now have been a richer man by many thousands of pounds." 
A formal agreement for a term of five years was then 
outorOd into between Bramah and Clement, dated the let 
of April, 1814, by which the latter undertook to fill the 
offico of chief-draughtsman and superintendent of the Fim- 
lioo Works, in consideration of a sahwy of throe guineas 
a week, with an advance of fom shillings a week in each 
succeeding year of the engagement. This arrangement 
proved of mutual advantage to both. Olemont devoted 
himself with inoroosod zeal to the improvement of the 
mechanical armngements of the ooncern, exhibiting his 
ingenuity in many ways, and taking a genuine pride in 
upholding the oharaotor of his master for turning out first- 
class work. 

On the death of Bramah, his sons returned from college 
and entered into possession of the hnsiness. They found 
Clement the ruling mind there, and grew jealous of him 
to such an extent that his situation became unoomfortable ; 
and by mutual consent he was allowed to leave before the 
expiry of his term of agreement. Ho had no difficulty in 
finding 'employment ; and was at ouoe taken on as chief 
draughtsman at Maudslay and Field’s, where he was of 
much assistance in proporiioning the early marine engines, 
for the manufacture of which that firm wore becoming 
celebrated. After a short time, ho became desirous of be- 
ginning business on his own account as a miohanical 
engineer. Ho was encouraged to do this by the Dulre of 

n 2 
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Nortlixiin'borlaiidjWhOj 'boing a groat lover of mccbanics and 
hiiuBolf a capital tumor, used ofton to visit Maudslay’s, 
and thus becamo acquainted willi Glomont, -whose expert- 
noBB as a dmugbtsman and luecbauio he greatly admired, 
lleing a man of frugal and sober habits, al-ways keeping hia 
expenditure very considerably within his income, Clement 
had boon, enabled to aoenmulato about 500L, -which ho 
thought -would bo enough for his puipoKO ; and ho accord- 
ingly proceeded, in 1817, to take a small worlcHhop in 
Prospect Pliioe, No-wington Bulls, -wboro ho began business 
os a luechanicul dranghts-niaii and mauufacluror of sinnll 
machinory requiring first-oloss -workmanship. 

From the time -when ho took his first gratuitous lossons 
in drawing from Peter Nicholson, at Glasgow, in 1807, ho 
had boon stoudily improving in this art, the knowledgo of 
-which is indispensahle to -whoever aspires to ominonco 
as a tncohanioal engineer, — until by general consout 
Clement -was confessed to stand unrivalled ns a draughts- 
man. Some of the very best drawings contained in the 
'ri’iinsnclions of the Society of Aris, from the year 1817 
downwards, — especially those requiring the delineation of 
any unusually elahoraio pieco of maolnuovy, — ^proooaded 
from the hand of Clcmont. Jn some of thoso, he rcaohod a 
degree of truth in moohunical porspootivo which has novor 
been surpassed.* To facilitate his labours, ho invented an 
extremely ingenious insti-ument, by moans of whioh 6llipso.s 
of all proportions, as -well as cfroles and right lines, might 
he geometrically drawn on paper or on copper. Ho look 
his idea of this instrument from tho trammel used by cav- 


* Rw more pwtioulnvly T/ia Traus- 
aetims of the Society for the En- 
ooiiriuiement of Arts, vol. xxxiii. 
(1817), ut pp. 7-1, l.'i7, ICO, 17.% 208 
(on ndminiblc drawing of Mr, Jnmc.'i 
Allen’s Theodolite.}; vol.xxivi. (1818), 
pp. 28, 176 (a series of remni’knWo 
illustrations of Mr. Clement’s own in- 
voatwn of on Instrument for Drawing 


Ellijuies) ; vol. xliii, f 182j-|, roiitalning 
an illiiHtrntlon of tiic I)i awing 'I'liblo 
invented liy him for Ini-go dinwhigs; 
vol. xlvi. (18'IK), containing n series oi 
slnbornto lllustriitions of his PrixoTuni- 
ing Lathe ; and xlvill. (1829), coutuliii> 
isg Illustrations of his Solf-niljusting 
Double Didver Centre Ohuok. 
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ponters for drawing imperfoct ellipses ; and when ho had 
aiiooocdcd in avoiding the crossing of the points, he pro- 
ceeded to invent the straight-line motion. For this in 
vention the Society of Arts awarded him their gold medal 
in 1818. Some years later, ho submitted to tlio same 
Sooiety his invention of a stand for drawings of large size. 
ITo h.ad experienced considerable difSculty in making such 
drawings, and with his aoonstomed readiness to overcome 
obstaolea, ho forthwith set to work and brought out his 
new drawing-table. 

As with many other original-minded meohanios, inven- 
tion became a habit with him, and by study and labour 
he rarely failed in attaining the object which ho had bent 
liis mind upon accom 2 ilislung. Indeed, nothing ];)leascf 
him bettor than to have what he called “ a lough job as 
it sfdmulatod his inventive faculty, in the exorcise of which 
he took the highest pleasure. Hence moohanioal schemers 
of all kinds wore accustomed to resort to Clement for 
help when they had found an idea which they desired to 
embody in a machine. If there was any value in their 
idea, none could be more ready than he to recognise its 
merit, and to work it into shape; but if worthless, ho spoke 
out his mind at once, dissuading the projector from wasting 
upon it further labour or expanse. 

One of tho important branches of practical mechanics to 
which Clement continued tlmough life to devote himself, 
was the improvement of self-acting tools, more espeoially 
of the slido-latho. Ho introdnoed various imjjrovemonts in 
its construction and arrangement, until in his hands it 
booamo os nearly perfect os it was possible to bo. In 1818, 
ho furnished the lathe with a slide rest twenty-two inches 
long, for the purpose of cutting screws, provided with the 
means of self-coiTOotion ; and ’ some years later, in 1827, 
the Society of Arts awarded him their gold Isis modal for 
his improved turning-lathe, which embodied many inge- 
nious oontiivanoes oalouhatod to inoroaso its precision and 
soonraoy in large surfaco-tniming. 
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Tlio Ijoautifnl aiTangomontB embodied in Mr, CJlemoiit’rt 
improTed laiilie can with difficulty be dosoribod in wordn ; 
but its ingenuity may bo infon-od from a brief statomout of 
the defects whicli it was invented to remedy, and which it 
snooessfuliy overcame. When the mandrill of a lathe, 
liaving a metal plate fixed to it, turns round with a mu- 
form motion, and the slide rest wliich carries the cutter is 
moving from the oiroumforenco of the work to the oonti'o, 
it will be obvious that the quantity of metal passing over 
the edge of the cutter at each rovclulion, and therefore at 
equal intervals of time, is conlinnally diminishing, in exact 
proportion to the spiral lino dosoribod by tbo cntlor on the 
face of the work. Bnt in tnrning motnl platos it is found 
very inexpedient to inorooso the speed of tbo work boyond 
a oortain quantity ; for when this happens, and the tool 
passes the work at too great a velocity, it hoafs, softens, 
and is ground away, the edge of tho cutter bocomos dull, 
and tho surface of the plate is, indented and bumishod, 
instead of being turned. Ilonoo loss of time on tho part 
of the worlonon, and diminished work on tho part of the tool, 
results which, oonsidoring the wages of tho one and tho 
capital expended on the construction of tho other, aro 
of no small importnneo ; lor tho jrrimo ohjoots of all im- 
provement of tools are, economy of timo and ooonomy of 
capital — ^to minimizo labour and cost, and maximize result. 

Tho defect to which wo have referred was almost tho 
only remaining imper'footion in tho lathe, and Mr. (Jlomont 
overcame it by making tho maohiuo solf-regnlating ; so 
that, whatovor might be the sitnatiou of tho cutter, equal 
quantities of metal shonld puss over it in equal times, — tho 
speed at the centre not exceeding that suited to the work 
at the ciroumfei’enoe, — while tho workman was enabled 
to convert tbe varying rate of tiio mandrill into a nni- 
form one whenever ho oheso. Thus Iho expodionts of 
wheels, riggers, and dmms, of different diameters, hy 
wMoh it hod been endeavoured to alter the speed of tho , 
lathe-mandrill, ooeording to tho hardness of tho motal and 
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the duiiuotov of the thing to he tiimeil, were effeot-ually 
disposed of. These, though, answering very well where 
cylinders of equal diaraolcr had to he hored, and a uni- 
form motion was all that was required, wore found vciy 
inefficient where a plane surface had to he turned; and it 
was ill such cases that Mr. Clement’s lathe was found so 
valuable. By its meaus .surfaces of nnrivallod oorreotiiess 
were produced, and the slido-latho, so improved, bocaino 
recognised and adopted as tJio most accurate and exten- 
sively applicable of all machine-tools. 

The year after Mr. Clement brought out his improved 
turning-lathe, he added to it his self-adjusting double 
driving centre-olmok, for which the Society of Arts awarded 
him tlieir silver medal in 1828.' In introducing this iii- 
vontioii to the notice of the Society, Mr. Clement said, 
“ Although 1 have been in tiro habit of turning and malting 
tunring-lalhos and other machinery for upwards of thirty- 
five yearn, and have examined the best tnming-lathos 
in the principal manufactories throughout Great Britain, I 
find it universally regretted by all praotiool men that they 
oannot turn nnytliing perfcotly true between the centres of 
the lathe." It was found by experience, that thei’e was a 
degree of ecceniiioity, and consequently of imperfootion, 
in the figure of any long oyliirdor turned while suspended 
hotwoon the oontros of tho latho,- and made to revolve by 
tiro aetion of a single driver. Under such oiroumstanoos 
the pressure el the tool tended to foroo the work out of the 
right lino arrd to distxibnto the strain between the driver 
and tho adjacent centre, so that one end of tho cylinder 
became eccentric with respect to tho other. By Mr. Cle- 
ment’s irrvention of tho two-armed diivor, which was self- 
adjusting, tho strain w;a8 taken from the centre and divided 
hotwoen tho t%vo arms, which being equidistant from the 
centre, effectually oon'oeted all ocGontiioity in tho work. 
This invention was found of groat importanoo in onsTiring 
Uic true turning of loi'go maohinory, which before had been 
found a matter of considerable difficulty. 
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In tho saino yeaj (1828) Mr. (Jlomont began the luuklng 
cf fluted laps and dies, and ho nstiiblisliod a mocbanical 
practice with refci'enoo to Iho pitch of the screw, which 
proved of the greatest importance in the economics of lua- 
mifactnre. Before his lime, each moehanical engineer 
adopted a thread of his own; so that when a piece of work 
came nnder repair, tiro screw-hob had nsnally io be drilled 
out, and a new thread was introduced according to the 
usage whicli prevailed in the shop in which the work was 
executed. Mr. Clement saw a great waste of labour in 
this praciioc, and he promulgated the idea that every screw 
of a particular length ought to bo furnished with its 
appointed number of threads of a soil led pitch. Taking 
the inch as the basis of his calonlalions, ho delominod 
the number of threads in each case ; and the practice tlius 
initiated by him, recommended as it was by convenience 
and economy, was very shortly adopted thronghoul, the 
trade. It may bo mentioned that one of Clement’s ablest 
joumoyracn, Mr. IVhitworlh, has, since his time, boon 
mainly instrumental in establishing the settled practice ; 
and Whitworth’s thread (initiated by Clement) has become 
rooognisod throughout the mechanical world. To 00117 
out his idea, Clement invented his screw-engine Intlie, 
rvitli gearing, mandrill, and sliding-table wheel-work, by 
means of which ho first cut the inside screw-tools from the 
loft-handed hobs — ^the rcvoiuo mode having bolbro- boon 
adopted, — wliile in shuping maohincs ho was the fii^it to 
use the revolving onttor attached to the slido rest. Then, 
in 1828, he fluted the taps for the first time with a revolv- 
ing cutter, — other makers having up to that time only 
notched them. Among his other inventions in screws may 
bo mentioned bis headless tap, which, according to Mr. 
Nasmyth, is so valuable an invention, that, “if lio had 
done nothing else, it ought io immortalize him among 
meohanios. It passed right through the liole to bo tapped, 
and was thus enabled to do the duty of three ordinary 
BorewE.” By these improvements much greater prooision 
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waa secui'od iu llio muniifaotm'e of tools ancl machineiy, 
accompanied ty a greatly rodnoed cost of production ; the 
results of which are felt to this day. 

Another of Mr. Clement’s ingenious inventions waa his 
Planing Machine, by means of which metal plates of largo 
dimensions wore planed with perfect tratli and fnished 
with hoaniirnl acenraej'. There is perhaps scarcely a ma- 
chine about which there has been more controversy than 
this ; and wo do not protend to bo able to determine the 
respective merits of the many able mechanics who haye 
had a hand in its invention. It is exceedingly probable 
that others besides Clement worked out the problem in 
their own way, by independent methods ; and this is con- 
firmed by tlio circumstance that though the results achieved 
hy the respective inventors were the same, the methods 
employed hy them wore in many respects dillerent. As 
regards Clement, wo find that previous to the year 1820 
ho had a maohiiio in regular use for planing tho triangular 
bars of lathes and tho sides of weaving-looms. This in- 
strument was found so useful and so economical in its 
working, that Clement proceeded to elaborate a planing 
machine of a more complete kind, which he finished and 
sot to work in the year 1825. He prepared no model of it, 
but made it direct from tiro working drawings ; and it was 
so nicely constructed, that when put together it wont 
without a hitoh, and has continued steadily working for 
more than thirty years down to the pi’esent day, 

Clement took out no patent for his invention, relying 
for protection mainly on his own and his workmen’s skill 
in using it. Wo iJlioroforo find no specification of his 
machine at tho Patent Office, as iu tho case of most other 
capital inventions ; but a very comploto account of it is to 
be found in the Transactions of the Society of Aits for 1832, 
as described by Mr. Vaiiey. Tho practical value of tho 
Planing Machine ludnoed the Society to apply to Mr. Cle- 
ment for liberty to publish a full description of it ; and 
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Ml’. Varloy’a paper was tlio result* It may be briefly 
stated that this engineer’s jibmo differs greatly from tbo 
carpenter’s plane, the cutter of which is only allowed to 
project so far u.s to admit of a thin shaving to be sliced 
off, — the piano woildng flat in proportion to the width of 
the tool, and its length and Btraightnc.ss preventing the 
cutler from descending into any hollows iu the wood. 
The engineer's plane more roseniblos tho turning-lathe, of 
which indued it is but a modification, working upon the same 
principle, on flat surfaces. Tho tools or cutters in Cle- 
ment’s maohiue were similar to tlioso used in the lathe, 
varying iu like manner, but performing their work in 
right lines,— tho tool being stationai-y and tho work moving 
under it, the tool only travelling when making lateral 
cuts. To Save time two cutters wore mounted, one to cut 
tho work while going, the other while returning, both being 
so aiTOngod and hold as to bo presented to tho work in tho 
firmest manner, and with tho least possible friction. Tbo 
bed of the maohino, on which tho work was laid, passed 
under tho cutters on perfectly true rollers or wheels, 
lodged and hold in tlioir hearings as accurately as tho host 
mandrill could he, and having Bot-scrows acting against 
thoir ends totally preventing all end-motion. The machine 
was hoddod on a massivo and solid foundation of masonry 
in heavy hlooks, the support at all poinis hoing so oom- 
ploto as offcotually to destroy all londenoy to vibration, 
with tho object of scouring full, round, and quiet outs. 
Tho rollers on which tho planing-machino travelled wore 
so true, that Clement himself used to say of them, “Tf 
you were to put hut a paper shaving under one of tho 
rollers, it would at onoo stop all tho rest.” Nor was this 
any exaggeration — ^the entire raoohanism, notwithstanding 
its great size, hoing as line and accurate as that of a watch. 


* Tratisaetvm of t/ie Sookiy for Ihe Enoouragemeni of Ma vol. jil*, 
p. 167. 
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By an ingenious aciuptalion of tlio apparatus, whioli will 
also be found described in tbe Society of Arts paper, the 
planing machine might be fitted with a lathe-bcd, cither 
to hold two centres, or a head with a suitable mandi-Ul. 
"When so fitted, the machine was enabled to do the work 
of a turning-lathe, though in a different way, cutting 
cylinders or cones in their longitudinal direction perfectly 
straight, as well as solids or prisms of any angle, either 
by the longitudinal or lateral motion of the cutter ; whilst 
by making the work revolve, it might bo turned as in any 
other lathe. ■ This ingenious maohinc, as contrived by 
Mr. Clement, therefore represented a complete union of 
the turning-lathe with the planing machine and dividing 
engine, by which turning of flie most complicated kind 
might readily be executed. For ton yearn after it was 
sat in motion, Clement’s was the only machine of tlie sort 
available for planing largo work ; and being consequently 
very much in request, it was often kept going night ami 
day, — the earnings by tlio' planing machine alone during 
that time forming the principal income of its inventor. 
As it took in a piece of work six feet square, and os his 
charge for planing was tliree-halfpence the square inch, or 
‘ eighteen shillings the square foot, ho could thus earn by 
. his mnohino alone some ten pounds for every day’s work 
of twelve hours. Wo may add tliat since planing machines 
in various forms have become common in mechanical 
workshops, the cost of planing docs not amount to more 
than tliroo-halfponoo the square foot. 

The excollenco of Mr. Clement’s tools, and his well- 
known skill in designing and executing work requiring 
unusual aoouracy and finish, led to his being employed by 
Mr. Babbage to make bis celebrated Calculating or Differ- 
ence Engine. The contrivance of a maohino that should 
work out oomplioatod sums in arithmetio with peifeot 
precision, was, as may readily ho imagined, one of the 
most diflioult feats of the meohanical intellect. To do this 
^^.'ls in an ospooial sorso to stamp matter with tlio im- 
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press of mind, and roudor it sul)soi'vicnt to the liighest 
thinHng faculty. Attompts liod lieen mado at an oiudy 
period to perform arithmetical calculations by mochanical 
aids more rapidly and precisely than it was possible to do 
by the operations of the individual mind. The preparation 
of aritlimotical tables of high nnmbors involved a vast deal 
of labour, and even with tiro greatest cave errors were 
unavoidable and numerous. Thus in a multiplication- table 
prepared by a mair so eminent as Dr. Hutton for tiro Board 
of Longitude, no fowor than forty errors wore disoovorad 
ru a single page taken at random. In the tables of tbo 
Nantioal Almanac, wbore tiro gi’oatcst possible preoision was 
desirable and iroeossary, more than live hundred errors wore 
dotoeted by one person ; and the Tables of the Board of 
Longitude wero found equally inoorreot. But suclr errors 
were iraposBiblo to bo avoided so long as the ordinary modes 
of calculating, transcribing, and printing continued in use. 

The earliest and simplest form of calculating apparatus 
was that employed by tho schoolboys of ancient Greece, 
culled tbo Abacus ; consisting of a smooth board with 
a narrow rim, on which they wore taught to compute 
by meairs of progressive rows of pebbles, bits of bone or 
ivory, or pieoos of silver coiu, used ns coimtorH, The samo ’ 
board, strewn over witlr sand, was irsod for teaching 
tho rmUmoirts of writing and tho principles of goomotiy. 
Tho Homans subsoquently adopted tho Abacas, dividing 
it by moans of peipondiorrlnr lines or bars, and from tho 
designation of caloulus which they gave to each pebble 
orcormter employed on the board, wo have derived oru’ 
Hirglish word to caJouJate. The samo instnrmout con- 
tinued to bo employed during tho middle ages, ami tho 
table used by lire English Court of Exclroquor wtis but a 
modified form of tbo Greek Abacus, the choquorad linos 
across it giving tho designation to the Court, wMoh still 
survives. Tallies, from the Erenoh word taiUer to cut, 
were another of the meohanioal methods employed to 
record computations, thou^ in a very nrdo way. Step 
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by stop improvements wore made; tbo most important 
being that invented by Napier of Merobistonj the inventor 
of logoi'itbms, oominonly oallod Napier's lanes, consisting of 
a number of rods divided into ion equal squares and num- 
bered, so that the whole when plaoed together foimed tho 
common multqilication tabic. By these means various 
operations in multiplication and division were performed. 
Sir Samuel Morland, Gunter, and Lamb inti’oduoed other 
contrivances, applicable to trigonometry; Gunter’s scale 
being still in common use. Tho oaloulaiing machines of 
Gerston and Pascal wore of a different kind, working out 
arithmetical caloulations by means of trains of wheels and 
other arrangements ; and that contrived by Lord Stanhope 
for tho purpose of verifying his calculations with rcsiieot 
to tho National Debt was of like character. But none of 
those will boar for a moment to be compared with the 
machine designed by Mr. Babbage for performing arith- 
metical enloulalions and matliomatioal analyses, as well us 
for recording tho caloulations when made, thereby getting 
rid entirely of individual error in the operations of calcu- 
lation, transcription, and printing. 

Tho French government, in their desire to promote tho 
extension of tho dooinml system, had ordered the construc- 
tion of logarithmioal tables of vast extent ; but tho great 
labour and expense involved in tho undertaking jiroventod 
tho design from being earned out. It was reserved for 
Mr. Babbage to dovclope the idea by means of a machine 
which ho called tho Difforonoc Engine. This machine is 
of so complicated a character that it would bo impossible 
for us to give any intelligible description of it in words. 
Although Dr. Lnrdner was um-ivallod in the art of do- 
Boribing meohauism, ho occupied twenty-five pages of tho 
* Edinburgh Beview ’ (vol. 50) in endeavouring to describe 
its action, and there were severol features in it which ho 
gave up as hopeless. Some parts of the apparatus and 
modes of action are indeed extraordinary — and perhaps 
none more so than that for ensuring accuracy in the oalou- 
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loaulta, — ihe maohino actually ooiTOoling ilaolf, and 
rubbing ilsolf back into accuracy, wlion the diepoHition to 
err ooonvs, by tbo friotion of Iho adjiicont inacliiuory ! 
Wbon an error is modo, tbo -wbeels bocomo looked and 
rcfitae to procood ; lima tbo maobiiie must go rightly or 
not at all, — an arrangemont as nearly rosombling volition 
as anything that brass and stool are likely to accomplish. 

This intiloato subject was taken up by Mr, Babbage in 
1821, when bo undertook to suporintond for the British 
government tbo oonstruotion of a niaobino for calculating 
and printing mathematical and astronomical tables. The 
model first constructed to illustrate the nature of his in- 
vention produced figures at the rale of 44 a minute. In 
182 J the Eoyal Society was requested to report upon the 
invention, and after full inquiry the committee reoom- 
meudod it as one highly dosoiwing of public onoourago- 
mont. A sum of ISOOi. was then placed at Mr. Bab- 
bago’s disposal by the Lords of tbe Treastu-y for tbe 
pxirpose of enabling bitn to perfect his invention. It was 
at this time that he engaged Mr. Clement as draughtsman 
and moohanio to embody his ideas in a working machine. 
Numerous tools wore expressly contrivod by tbo Inttor for 
executing tlio several parts, and workmen wore spooially 
educated for the purpose of using thorn. Some idea of tho 
olnhorate oharaotor of the drawings may he formed from 
tho fact that those required for the oaloulatiug maohinory 
alone — ^not to mention the printing machinery, which was 
almost equally elaborate — covered not less than four hun- 
dred squara feet of surface I Tho cost of executing tho 
calculating machine was of course very gi’eat, and the pro- 
gress of the work was nooeasarily slow. Tho cousequonoo 
was that the government first heoame impatient, and then 
began to grumble at the expense. At the end of seven 
years tho engineer’s bills alone were found to amount to 
nearly 72002., and Mr. Babbage’s costs out of pocket to 
70002. more. In order to make more satisfactory prograss, 
it was doteiminod to remove tho works to tho noighbour- 
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liood of Mr. Babbago’s own TOflidciicc ; but as Olemcnt’e 
claims for oouducting llio oporations in ilio now promises 
wore thought exorbitant, and as ho himself coiisidorod lhat 
tho work did not yield him the average profit of ordinary 
employment in his own trade, he eventually withdrew from 
tho entei'priso, taking with him the tools whicli ho Lad 
construoted for oxcouting the machine.* Tho govornmont 
also shortly after withdrew from it, and from that time tho 
scheme was suspended, tho Calculating Engine remaining a 
beautiful but unfinished fragment of a groat work. Though 
originally intended to go ns far as twenty figures, it was 
only completed to tho extent of being capable of calcu- 
lating to the depth of five figures, and two orders of dif- 
forenoes ; and only a small xioit of the proposed printing 
uiaohinory was ever made. The engine was placed in the 
museum of King’s College in 1843, enclosed in a glass case, 
until tho year 1802, when it was removed for a time to 
the Great Exhibition, whoie it formed perhaps the most 
romavkable and beautifirlly executed piece of meohanism — 
tho combined result of intelleotual and mochanical con- 
trivaiioo — in tho entire colleotion.'l' 


* Soe Ari'ENDlx IV. 
t A cami)lete aocount q{ the cel- 
uulaling roacliiue, as well as of an 
analytical engine nfterw.'U'ds contrived 
by tir. Bnbbnge, of atilt greater {rawer 
than lbs other, will be ibnud in the 
jBibtiothirj »0 C/mverseUe db Qen&ve, 
of wlitch a tninslalion into English, 
with copioae originai notes, by tholnle 
Lady Lovelace, daughter of Loid Byron, 
was published in the Did vol, of Taylor's 
Sohvtifio Memoirs (London, 1 843). A 
history of the machine, and of the 
circumstances coimeotcd with its con- 
struction, will also bo found InWcld’e 
Jlktory of the Soyci Boobsty, vol. ii. 
1)08-391. It remains to he added, that 
tlic perusal liy Messrs. Schenlz of Bteck- 
holm of Dr. Laniner’s aecount of Mr. 
Babbage’s engine in the fJdinlmryh 


Seview, led tliose clever mechanics is 
enter upon the scheme of constructing 
and comploting it, and tlio losult is, 
Umt their machine uol only oaleulates 
the tables, but priala tho results. It 
look them nearly twenty years to pei'- 
fcct it, hut when complete the machiua 
seemed to he almost c.apahle of thinking. 
The original w.as eihihitod at the Paris 
Exhibition of 1865. A copy of it has 
since been seeured by the English 
Government at a cost of 1200/., and 
it is now busily employed at Somerset 
House in working out annuity and 
other tables ibr the Itegistrar-Qensral. 
The copy was coustrnotetl, with Eereial 
admliuhle improvements, by the Messrs , 
Donkin, the welUkuowu meohtmical 
engineers) after the working drawings 
of the Messi's. Schoutz, 
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Clcattout was on various otlicr oooasioiis iuvitod to 
umloi’Uvko work requiring extra skill, wlrich oilior mo- 
olinnios wore unwilling or unable to oxoouto. Ho was 
thus always full of employment, never being unclor the 
iiecossity of canvassing for onstomors. Ho was almost; con- 
stantly in his worlcshop, in which ho took groat pride. 
His dwelling was ovor the office in the yard, and it was 
with difficulty ho could bo induced to leave tho pre- 
misos. On one occasion Mr. Brunei of the Groat IVeslorn 
hallway called upon him to ask if ho could supply him 
with a superior steam-whistle for his locomotives, tlio 
whistlOH which they wore using giving forth very liltlo 
sound. Clement examined tho specimen brought by 
Brunol, and pronounced it to bo “ mere tallow-chandler’s 
work.” He undertook to supply a proper article, and 
after his usual fashion he proceeded to contrive a machine 
or tool for tho express purpose of making steam-whistloK. 
They wove made and supplied, and when mounted on the 
locomotive the olfeot was indeed “ soroaming.” They 
were hoard miles off, and Bi-unol, delighted, ordered a 
hundred. But when the bill carao in, it was found that 
tho charge made for thorn was very high — as much ii» 40/. 
the set. Tho company demurred at tho price, — ^Brunei 
declaring it to be six times more than the price they had 
before boon paying, “ That may bo ; ” rejoined Olonioiil, 
“ but mine are more than six timos bettor. You ordortid a 
first-rate article, and yorr must bo content to pay for it,” 
The mallei' was referred to an ar'hiti'ator, who awarded tire 
full sum olaimed. Mr. Weld mentions a similar oaso of 
an order which Clement received from America to make 
a largo screw of given dimensions “ In tho host poa.sihlo 
manner,” and he acoordingly procoodod to iiudro ono 
with tho greatest mathematical accuracy. But his bill 
amounted to some hundreds of pounds, which completely 
staggei-ed the American, who did not calculate on having 
to pay more than 20/. at the utmost for tho sorew. Tho 
matter was, however, referred to arbitrator^ who gave 
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thoir decision, as in the foimor case, in favonr of the 
mechanic.* 

One of tlio last works which Olement ezocnted as a 
matter of pleasnre, was the hnilding of an organ for his 
own use. It will he remembered that when working as a 
slater at Great Ashby, he had made flutes and clarinets, 
and now in his old age he determined to try his skill at 
making an organ — in his opinion the king of musical in 
str'umentB. The building of it become his hobby, and his 
greatest delight was in superintending its proginss. It 
cost him about two thousand pounds in labour' alone, but 
he liyed to flnish it, and we have been informed that it 
was pronounced a very excellent insti-ument. 

Olement was a heavy-browed man, without any polish 
of manner or speech ; for to the last he continued to use his 
strong Westmoreland dialect. He was not educated in a 
literary sense; for he read but little, and could write with 
diflioulty. He was eminently a mechanic, ond had achieved 
his exquisite skill by observation, e3q)erionco, and reflec- 
tion. His head was a complete repertory of inventions, on 
which he was constantly drawing for the improvement of 
mechanical practice. Though he had never more than 
thirty workmen in his factory, they were all of the fimt 
class ; and the example whidr Clement set before them of 
extreme carefulness and accuracy in execution rendered 
his shop one of the best sdrools of its time for tbo training of 
thoroughly accomplishod mechanics. Mr. Clement died 
in 1844, in his sixty-fifth yeai'; after which his works 
were caiuied on hy Mr, Wilkinson, one of his nephews; 
and his planing maohino still continues in useful work. 


* SHakyy qf the SocMg, i. 874. 
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CHAPTER XIV. 

Fox OF Dkbbt — Mtoba'? of Lbeds — Robbbts ahd 
WniTwoBTH OF MANonmiiim. 


“ Fonnilei'S and senators of states and cities, lawgira-a, extirpors of 
tyrants, fathers of the peoplo, and other eminent persons in civil govem- 
ment, were honoured but with ttUis of Worthies or doini-goda ; whereas, 
such ns were inventors .and authors of now nrts, endowments, and commo- 
dities towards man's lifo, were ever oonseorntecl amongst the gods Ihem- 
selves.” — BAOOir, Advanueiiunt of Jjaaming. 


While suoR woro the advances made in the arts of tool- 
making and ongine-oonstruotion through the labours ol 
Bramah, Mandalay, and Clement, there were other ino- 
ohanios of almost equal eminence who flourished about the 
aame time and subsequently in several of tlio noitlioni 
manufacturing towns. Among these may ho mentionod 
James Fox of Derby; MatUiew Muiray and Peter Fair- 
baim of Leeds; Richard Robeits, Joseph IVhitwortli, 
James Nasmyth, and 'Willinm Fairbaim of Manolioslor ; to 
all of whom the manufacturing industry of Great Britain 
stands in the highest dogi-eo indebted. 

James Fox, the founder of tho Derby firm of moohanioal 
ongineein, was originally a butlor in tho service of tho 
Rev. Thomas Gishomo, of Foxhall Lodge, Staffordshire. 
Though a situation, of this kind might not scorn by any 
means favourable for the display of moohanioal ability, 
yet the butler’s instinct for handicraft was so strong that 
it oonld not be repressed; and his master not only en- 
couraged him in the handling of tools in his leisure i^urs, 
but had so genuine an admuBtion of his skill as well as 
his exoellcnt qualities of ohai’aoter, that ho eventually fin- 
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uleliod him with tuo means of beginning business on hu 
own account. 

Tho growth and extension of the cotton, silk, and lace 
trades, in the noighboui-hood of Derby, furnished Dox with 
sufBciont opportunities for the exercise of his mechanical 
skill ; and he soon found ample scope for its employment. 
His lacc machinery became celebrated, and ho supplied it 
largely to the neighbomnng town of Nottingham; ho also 
obtained oonsiderablo employment from tho great firms of 
Arkwright and Strutt — tho founders of the modern cotton 
manufacture. Mr. Fox also became celebrated for his 
lathes, which wore of excellent quality, still maintaining 
their liigh reputation ; and besides making largely for tho 
supply of the homo demand, he exported much machinery 
abroad, to France, Bussia, and tho Mauritius. 

The present Messrs. Fox of Derby, who continue to 
oaiTy on the business of the firm, claim for their grand- 
father, its founder, that ho made the first planing machine 
in 1814,* and they add that the original article continued 
in use rxntil quite recently. We have been furnished by 
Samuel Hall, formerly a workman at the Messrs. Fox’s, 
with the following description of the maohino : — “ It was 
essentially tho same in principle as tho planing machine 
now in general use, although differing in detail. It Imd a 
self-acting ratchet motion for moving tho slides of a com- 
pound slide rest, and a self acting reversing tadde, con- 
sisting of three hovel wheels, ono a stud, one loose on tho 
driving shaft, and another on a socket, witli a pinion on 
tho opposite end of the driving shaft running on tho socket. 
Tho other end was tho place for the driving pulley. A 
olutoh box was placed between the’ two opposite wheels, 
which was made to slide on a feather, so that by means of 
another shaft oontaining lovers and a tumbling ball, tbo 
box on reversing was carried from ono bevel wheel to tho 
opposite one.” Tlio same James Fox is also said at a very 
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early period to have invented a sorew-ontting maoliine, 
an entwine for aoonratoly dividing and ontting the teeth 
of wheels, and a self-acting lathe. But tlie ovidenoe as 
to the dates at which thoso several inventions are said to 
have been made is so conflicting that it is impossihlo to 
decide with whom the merit of making them really rests. 
The same idea is found floating at the same timo in many 
minds, the like necessity proasing upon all, and tho pro- 
cess of invention takes place in like manner : hence tho 
ooniemporaneousnesB of so many inventions, and the dis- 
putes that arise respooting them, as described in a previous 
chapter. 

There arc still other claimants for tho merit of having 
invented the planing maohino ; among whom may bo men- 
tioned more particularly Matthew Murray of Loeds, and 
Biohard Eoberts of Manchester, We were informed by 
tho late Mr. March, mayor of Leeds, head of the cele- 
brated tool-manufacturing firm of that town, that when 
bo first went to work at Matthew Murray’s, in 1814, a 
planing m.-iohine of his invention was used to plane tho 
circular part or back of tho D valve, which he hod by tliat 
time inlraduced in the steam-engine. Mr, March says, 
“ I reoolloot it very distinctly, and oven the sort of fram- 
ing on which it stood. The maohino was not patented, 
and like many inventions in thoso days, it was kept as much 
a secret as possible, being locked up in a small room by 
itseK, to whiob the ordinary worlanon. could not obttiin 
access. The year in which I romombor it being in use 
was, so far as I am aware, long boforo any planing-maohino 
of a similar kind had been invented." 

Matthew Murray was bom at Stookton-on-Toos in tho 
year 1763. His parents wore of tho working class, and 
Matthew, like the other members of tho family, was brought 
up with the ordinary career of .labour boforo him. When of 
due ago his fatlier apprenticed him to tho trade of a hlaok- 
smith, in which he very soon acquired oonsidorablo ox- 
pertnesB, He married bofore his teim had expu-ed ; after 



Chap.XIV. IMPnoVBMENTS JN SfITWIKG-MACHINERi'. 261 


tvliioli, trade Leing slack at Stockton, he found it necessary 
to look for work elsewhere. Leaving his wife hehind him, 
ho set out for Loods with his bundle on his back, and after 
a long journey on foot, he reached that town with not 
enough money left in his pocket to pay for a bod at the 
Bay Horse inn, where ho put up. But telling the land- 
lord that ho oxpectod work at MarahaH’s, and seeming to 
bo a respeotablo young man, the landlord trusted him ; and 
lie was so fortunate as to obtain the job which he sought at 
Mr. Marshall’s, who was then beginning the manufacture 
of flax, for which the firm has since become so &rmons. 

Mr. Marshall was at that time engaged in improving the 
method of manufacture,* and the young blacksmith was so 
fortunate or rather so dexterous as to be able to suggest 
several improvements in the machinery which secured the 
approval of his employer, who made him a present of 20?., 
and very shortly promoted him to be the first mechanio in 
tho workshop. On this stroke of good fortune Murray 
took a house at the neighbouring village of Beeston, sent 
to Stookton for his wife, who speedily joined him, and he 
now felt himself fairly stai’ted in the world. He remained 
with Mr, Marshall for about twelve years, during which 
he introduced numerous improvements in the maohinery 
for spinning flax, and obtained tho reputation of being a 
first-rate mechanio. This induced Mr. James Fenton and 
Mr. David Wood to offer to join him in tho establishment 

* Wg arc iiirormed in Mr. Long- sum of nine hunilrod ponnda oHogcd 
ataffe’a Annals and Characteristics of to bG due under the agreement. The 
DafUngton, that tlie spinning of flux claim Wiu disputed, nnd ICendrew lest 
hj maohinery was 6rst begun by one hhi action ; nnd it is added in Long. 
.John ICendrew, an ingenious seif- stnlfe’s Annals, that even had he suc- 
tnught mechanic of that town, who ceoded, it would hare been of no use ; 
invented n machine for tho pui'imse, for Mr. Marshall dednred that he Iiact 
fer which ho loolc out a ptitent in not then the money wherewith to pny 
1787. Mr. Marshall went orer from him. It is passible that Matthew 
Leeds to see his machine, nnd ngreed Murray may have obtained some ei> 
to give him so much pei' spindle for perienoe of ilnx-machliiery In working 
the right to use it, ISut censing to tor Keudrew, which nftcrwni'ds proved 
pny the potent right, Ivendrew ooin- of use to him in Mr, Marshall’s esta. 
mcnccd nn action against him for a bllsbment, 
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of an cnginoeiing and maoMno- making factory at Leeds, 
wkioli ho agreed to, and operations 'were communood at 
Ilolbeck iu the year 1796. 

As Ml’. Murray had obtained oonsiiloi’ablo practical 
knowledge of the steam-engine while working at Mr. Mar- 
shall’s, ho took principal charge of the eugino-building 
department, while his partnor Wood directed the machino- 
inaking. Jn the branch of ongino-building Mr. Mun-ay 
very shortly established a high reputation, treading close 
upon the heels of Boulton and Wntfc— so close, indeed, that 
tluvt firm beoaino very jealous of him, ’.vnd purchased a largo 
piece of ground dose to his works with ^o object of pre- 
venting their extension.* His additions to the sloam- 
engine wore of great praotical value, oue of which, the 
self-ooting appaiatus attached to the boiler for the purpose 
of regulating the intensity of fire under it, and oon- 
sequently the production of steam, is still in general use. 
This was invented by him as early as 1799. Ho also suh- 
sequently invontod tho D slide valve, or at least greatly 
improved it, while bo added to tho power of tho air-pump, 
and gave a now arrangement to the other parts, with aviow 
to the simplification of the powers of the engine. To make 
tho D valve work eflioiontly, it was found nccoBsary to 
form two porfootly plane surtaoes, to produce which ho 
invontod his planing inachino. Ho was also tlio first to 
adopt the practice of plaomg the piston in a hurizont’al 
position in tho common oondonsiiig engine. Among his 
other modifications in tho steam-engine, was his improvo- 
ment of tire looomotivo as invontod by Trevithick ; and it 
ought to bo remembered to his honour tliat ho made tho 
first locomotive that regularly worked upon any railway. 


* Tlie piirdiaae of this largo piece 
of groniid, known os Qimp Field, had 
the effect of “ plugging up ” Matthew 
Mumr for a titno; and it roninined 
dlsnsed, except for the deposit of dead 
logs and other rubbtei;^ for more than 


half a century. It boa only beon on- 
cloeed during tho present your, end 
now feline pert of the works of Uessta. 
Smith, Beuoock, and Tonnet, tlie emt 
ncut tooVnisken. 
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This was tho engine erected by bim fur Blcnkinsop, to 
work the Middleton colliery railway near Leeds, on whiob 
it began to run in 1812, and oontinnod in regular use for 
many years. In this engine he inti’oduoed the double 
cylinder — ^Trevithick’s engine being provided •with only 
one cylinder, the defects of which were supplemented by 
the addition of a fly-wheol to cairy the crank over tho 
dead points. 

But Matthew Murray’s most important inventions, con- 
sidered in their effects on manufaotui’ing industry, wore 
those connected with the machinei'y for heckling and 
spinning flax, which ho •very greatly improved. His heck- 
ling machine obtained for him the prize of the gold medal of 
tho Society of Arts j and this as well as his machine for 
wot flax-spinning by means of sponge weights proved of 
the greatest pinctical value. At the time when these in- 
ventions were made the flax trade was on the point of ex- 
piring, the spinnors being unable to produce yam to a 
profit; and tboir almost immediate effect was to reduce the 
cost of produotion, to improve immensely the quality of 
tho manufacture, and to establish the British linen trade 
on a solid foundation. The production of flax-machinery 
became on important branoh of manufacture at Leeds, largo 
quantities being made for use at home as well as for ex- 
portation, giving employment to an increasing number of 
highly edrilled mechanics.* Mr. Murray's faculty for 
organising work, perfected by experience, enabled him 
also to introduce many valuable improvements in the mo- 
ebtanios of manufacturing. His pre-eminent skill in mill- 
gearing became generally aoknowledged, and the effeots of- 
his labours ore felt to this day in the extensive and stall 
thriving branches of industry which his ingenuiiy and 
ability mainly contributed to establisb. All the moohine- 


* Among more iment impi'ovcrs of 
fiax-mndlunery, the loto Sir Poter 
Kairlxili'n is entitled to high meitt: 
'the work turned out by him being of 


iimt-rato' excellence, embodying nn- 
merous inventions nnd impiovements 
of greet value end importence. 
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tooln tiboA in his eslabliiAnnont were dosiguoA hy himsslf, 
and ho was most caroful in the personal superintendence 
of all the details of their construotion. Mr. Mumy died at 
Leeds in 1826, in his sixty-third year. 

Wo have not yet oxhaustod the list of claimants to the 
invention of the Planing Machine, for wo find still another 
in tlio person of Biohard Boberts of Manohestor, one of 
the most prolifio of modern inventors. Mr. Boberts has 
indeed achieved so many undisputed inventions, that he 
can readily afford to divide the honour in this oaso witlr 
others. Ho has contrived things so various as the self- 
acting mulo and the best eleotro-magnot, wet gas-meters 
and dry planing maohinos, iron billiard-tablos and turrot- 
oloohs, &e centrifugal railway and the drill slotting- 
raaohino, an apparatus fur making cigars and machinery 
for the propulsion and equipment of steamships ; so that 
he may almost be regarded as the Admuable Crichton of 
modem moohanics. 

Biohard Boberts was bom in 1789, at Caireghova in 
the pariah of Llanymynooh. His fetlier was by trade a 
shoemaker, to which he ocoasionally added the ooonpation 
of toll-koepor. Tho house in widch Biohard was born 
stood upon tho border lino which then divided tho counties 
of Salop and Montgomery ; the front door opening in tho 
one county, and the back door in tlie other. Bioliard, 
when a hoy, received next to no education, and as soon as 
ho was of fitting ago was put to common labouring work. 
For some time ho worked in a quarry near his father’s 
dwelling ; but being of an ingenious turn, he oooupied his 
leisure in making various articles of meohonism, partly for 
amusement and partly for profit One of his first achieve- 
ments, while working as a qnarryman, was a spinning- 
wheel, of which he was very prond, for it was oonsiderea 
“ a good job.” Thus he gradually acquired dexterity in 
handling tools, and he shortly camo to entertain tho am- 
bition of becoming a mechanio. 

There were several ironworks in the noi^buurhood, 
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and thiihoi' lie went in soai'ch. of employment. He succeeded 
in finding work as a pattern-maker at Bradley, near BilstoU; 
under John Wilkinson, the famous ironmaster — a man of 
groat enterprise as well as mechanical skill ; for he was the 
first man, as already stated, that Watt could find capable of 
boring a cylinder with any approach to tenth, for the pur- 
poses of his stoam-onginos. After acquiring some practical 
knowledge of the ait of working in wood as well as iron, 
Eoberts proceeded to Birmingham, where he passed through 
different shops, gaining fuither expenenco in mechanical 
practice. He tried his hand at many kinds of work, and 
acquired oonsidciablo dexterity in each. He was regarded as 
a sort of jaok-of-oll-trades ; for he was a good turner, a toler- 
able wheel-wright, and could repair mill-work at a pinch. 

He next moved northward to the Horsley ironworks, 
Tipton, where he was working os a pattern-maker when 
he had the misfortune to be drawn in his own county for 
the militia. He immediately left his work and made his 
way homeward to Llanymyneoh, doteinrined not to be 
a soldier or even a militiaman. But home was not the 
place for him to rest in, and after bidding a hasty adieu to 
his father, he crossed the country northward on foot and 
reached Liverpool, in the hope of finding work there. 
ITaiEng in that, he set out for Manchester and reached it at 
dusk, very weary and very miry in consequence of the 
road being in such a wretched state of mud and ruts. Ho 
relates that, not knowing a person in the town, he went np 
to an apple-stall ostensibly to buy a pennywoiih of apples, 
but really to ask tho stall-keeper if he knew of any person 
in want of a hand. Was there any turner in the neigh- 
bourhood ? Yes, roimd the oomor. Thither he went at 
once, found the wood-turner in, and was promised a job 
on tho following morning. He remained with the turner 
for only a short time, after whioh he found a job in Salford 
at lathe and tool-making. But hearing that the militia 
wan-ant-officei's were still searching for him, he became 
uneasy and determined to take refuge in London. 
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lie Iruclgccl all Uio way on foot to that, groat liicling- 
plaoo, and first tried Hollzaptfers, the famous tool-maker’s, 
hut failing in his ajjplication ho next went to Mandalay’s 
and Buoooeded in getting employment. Ho worked there 
for some time, acquiring much valuable practical know- 
ledge in the use of tools, oultivating his skill by contact 
with first-class workmen, and benefiting by the spirit of 
active oontiivanoe which pervaded the Maudslay shops. 
His manual dexterity groatiy inorensod, and his inventive 
ingenuity fully stimulated, ho dotoimined on malting lus 
way back to Manobostor, which, oven more than London 
itself, at that time presented abundant openings for men 
of mechanioal skill. Honco we find so many of the best 
meohanios trained at Maudslay’s and Clement’s — ^Nasmyth, 
Lewis, Muir, Eoberts, WhiWorth, and others — riiortly 
rising into distinotion there as leading meohanioiaiiB and 
tool-makers. 

The mere enumeration of the various results of Mr. 
Eoberts’s inventive skill duiing the period of bis settle- 
ment at Maneboster as a mechanical engineor, would 
oooupy more space than wo can well spare. But we may 
briefiy mention a few of the more important. In 1816, 
while oariying on business on his own account in Doans- 
gate, he invented his improved sootor for correctly sizing 
wheels in blank previously to thoir being out, which is 
still extensively used. In tho same yoat ho invented his 
improved sorew-latho ; and in tho following year, at the 
request of the boioughroove and oonsiables of Man- 
chester, he oontrivod an oscillating and rotating wet 
gas meter of a new kind, wbioh enabled them to sell 
gas by measure. This was the first meter in which a 
water lute was applied to prevent tho escape of gas by tho 
index shaft, tho want of wliich, as well as its great com- 
plexity, had prevented tho only other gas meter then in 
existence from working satisfactorily. Tho water Into was 
immediately adopted by the patentee of that motor. The 
planing maohino, though claimed, os wo have seen, by 
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many inventors, was constrnctocl by Mr. Eoberts alter an 
original plan of bis own in 1817, and became tbo tool most 
gonerally employed in raeoluinical workshops— acting by 
means of a chain and rack — though it has since been super- 
seded to some extent by the planing machine of Whitworth, 
which works both ways upon an endless screw. Improve- 
ments fbllowod in the slide-lathe (giving a largo range of 
speed with inoi-oased diameters for tho same size of head- 
stocks, <&o.), in tho wheel-cutting engine, in tho scale- 
beam (by which, with a load of 2 oz. on each end, the 
ilfteon-hundredth part of a grain could be indicated), in 
the broaching-maohino, the slotting-machine, and other 
engines. 

But tho inventions by which his fame became most 
extensively known arose out of circumstances oonneoted 
with the cotton manufactures of Manchester and the neigh- 
bourhood. Tho great improvements which ho introduced 
in the machine for making weavers’ reeds, led to the for- 
mation of tho firm of Sharp, Eoberts, and Co., of which 
Mr. Eoberts was tho acting mechanical partner for many 
years. Not less important were his improvements in 
power-looms for weaving fustians, which wore extensively 
adopted. But by far tho most famous of his inventions 
was unquestionably his SoE-aotiug Mule, one of the most 
olahorato and hoautiful piooos of machinery ever contrived. 
Before its invention, the working of the entire machinery 
of the cotton-mill, as woU as the employment of tho piecei's, 
cleaners, and other olasses of operatives, depended upon 
tho spinners, who, though receiving the highest rates of 
pay, wore by muoh tho most given to strikosj and they 
were frequently accustomed to turn out in times when 
trade was brislc, thereby bringing the whole operations of 
the manufactories to a standstill, and throwing all tho 
other operatives out of employment. A long-continued 
strike of this sort took place in 1824, when the idea ocouiTed 
to tho masters that it might bo possible io make tho spin- 
ning-muloH nm out and iu at the proper speed by means of 
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(iclf-acliug maoliinery, and thus rondor thorn in some mea* 
sure independent of the more I’efraotory class of their work- 
men. It seemed, however, to he so very difSoult a problem, 
that they wore by no means sanguine of buoooss in its 
solution. Some time passed before they could find any 
meehanio willing so much os to consider the subject. 
Mr. Ashton of Staley-bridge made every effort with this 
object, but the answer he got was uniformly the some. 
'ITio thing was deolarod to bo impraotioablo and impossible. 
Mr. Ashton, aooompanied by two other leading spinners, 
called on Shai-p, Koberts, and Go., to seek an intei-view 
-with Mr. Eoberts. They introduced the subject to him, 
but he would scarcely lirten to their explanations, cutting 
them short with the remark that he knew nothing what- 
ever about eotton-spinning. They insisted, nevertheless, 
on explaining to him what they required, but they went 
away without being able to obtain from him any promise 
of assistance in bringing out the requii'ed machine. 

The strike continued, and the manufaeturers again called 
upon Mr. Roberts, but with no better result. A third time 
tliey called and appealed to Mr. Sharp, the capitalist of the 
firm, who promised to use his best endeavours to induuo 
his mechanical partner to take the matter in hand. But 
Mr. Roberts, notwithstanding his roticonco, hod hecn 
occupied in carefully pondering the subject since Mr. 
Ashton’s first intoiwiew with Iriin. The very difficulty of 
the problem to be solved had tempted him boldly to 
gi’apple with it, though ho would not hold out the slightest 
expectation to the oolton-spfamors of his being able to help 
them in their oinorgoncy until ho saw his way poifoctly 
clear. 'That time had now come; and when Mr. Sharp 
introduced the subject, he said he had turned tiro nialler 
over and thought he could construot tho inquired self- 
acting maijhinery. It was arranged that ho should proceed 
with it at once, and after a close study of four montlrs he 
brought out the machine now so extensively known as the 
self-acting mule. The invention was pa‘ ented in 1 825, and 
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was perfected by eubsequent additions, which were also 
patented. 

Like so many other inventions, the idea of tho self- 
acting mule was not new. Thus Mr. William Strutt of 
Derby, the father of Lord Belper, invented a machine of 
this sort at an early period; Mr. William Kelly, of tho 
Now Lanark Mills, invented a second ; and various other 
projectors tried their skill in the same direction ; but none 
of these inventions came into practical use. In such cases 
it has become generally admitted that Ihe real inventor 
is not tho person who suggests the idea of the invention, 
but ho who first works it out into a practicable process, 
and so makes it of practical and commercial value. This 
was accomplished by Mr. Eoberls, who, working out tho 
idea after his own independent methods, succeeded in mak- 
ing the first self-acting mulo that would really act as such ; 
and he is therefore fairly entitled to be regarded as its 
inventor. 

By moans of this beautiful contrivance, spindle-oarriogcs, 
bearing hundreds of spindles, run themselves out and in by 
moans of automatic maohinery, at the proper speed, witJiout 
a hand touching them; the only labour required being that 
of a few boys and girls to watoh them and mend the broken 
threads when tho carriage rooedes from tho roller beam, 
and to stop it when tho cop is completely formed, as is 
indicated by the boll of the ooimter attached to the work- 
ing gear, Mr. Baines describes the self-acting mulo while 
at work as “ drawing out, twisting, and winding up many 
thousand threads, with unfailing precision and indefatig- 
able patience and sirongth — a scene as magical to the eye 
which is not familioi'ized with, it, as the effects have been 
marvellous in augmenting the wealth and population of 
the country.”* 

Mr. Boberts’s groat success with the self-acting mule led 
to his being often appealed to for help in the mochanics 


* Edwabd Baines, Esq., M.P., History 13a Cotton Manu/aoture, 213 
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of uuimlaoUirhig. In 1820, tho year aflor his iiatont waw 
ttikon out, Lo was sent for to Mnlhonso, in Aleaoo, to design 
and arrange tho inaohiuo ostablislimont of AndrO Kooclilin 
and Co. ; and in that and the two suhsoquont years ho fairly 
sot tho works a-going, instrnoting tho workmen in tho 
inanufaoturo of spinniug-maohinory, and thus oonti-ihuting 
largely to tho snoooss of the Fronoh ootton manufacture. 
In 1832 ho patented his invention of the Itadial Arm for 
“ winding on” in the solf-aoting mule, now in general uso ; 
and in future years ho took out sundry patents for roving, 
slubhing, spintriug, and doubling cotton and other fibrous 
inatorials ; and for weaving, beetling, and mangling fabrics 
of various sorts. 

A considerable branch of business carried on by the firm 
of Sharp, Roberts, and Co. was the manufacture of iron 
billiard-tables, which were constructed with almost perfect 
truth by means of .Mr. Roberts’s planing-machino, and 
became a large artiolo of export. But a much more im- 
portant and remunerative department was the inanufaoturo 
of locomotives, which was begun by tho finn shortly after 
tho opening of tho Livoi-pool and Manchester Itailway had 
marked this as one of the ohief branches of future mooha- 
nioal engineering. Mr. Robei-ts adroitly seized the oppor- 
tunity presented by this now field of invention and 
ontei’priso, and devoted himself for a timo to tho careful 
study of tho locomotive and its powers. As early os tho 
year 1829 wo find him presenting to tho Munohostor Me- 
chanics’ Institute a machine exhibiting tho nature of fric- 
tion upon railroadsj in solution of tho problem then under 
discussion in tho soientifio journals. In tlio following year 
he patented an arrangement for communicating power to 
both driving-wheels of tho locomotive, at all times in tho 
exact proportions required when turning to tho right or 
loft, — an arrangement whioh has since boon adopted in 
many road locomotives and agricultural engines. In tho 
same patent wiU be found embodied his invention of tho 
steam-brake, which was also a favourite idea of George 
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Stofihenson, ainoo elaborated by Mr. MaoConnell of tlio 
London and North-Wostom Eailway. In ISlU, Shaii), 
Eoberts, and Co. began the mannfaoturo of loeomolivos on 
a large scalo ; and tbe oompaotness of their onginoB, the 
excellence of their worlcinanBlitp, and the niuuorons original 
improvementa introduced in them, speedily scoured for the 
engines of the Atlas firm a high reputation and a very 
large demand. Among Mr. Roberts’s improvements may be 
mentioned his method of manufacturing the crank axlo, 
of welding the rim and tyres of the wheels, and his 
arrangement and form of the wrou^t-iron framing and 
axle-guai-ds. His system of templets and gauges, by means 
of which eveiy part: of an engine or tender corresjjonded 
■with that of every other engine or tender of the same 
class, was as great an impravoment as Mandalay’s system 
of uniformity of parts in other deseriptions of machinery. 

In connection with the subject of railways, we may 
allude in passing to Mr. Roberts’s invention of the Jacquard 
punching machine — a self-acting tool of great power, used 
for punching any required number of holes, of any pitch 
and to any pattern, with mathematical accuracy, in bridge 
or boiler plates. The origin of this mvehtion was some- 
what similar to that of the self-acting mulo. The con- 
tractors for the Conway Tubular Bridge while under 
construction, in 1848, worn greatly hampered by combina- 
tions amongst the workmen, and thoy dcsxiaircd of being 
able to finish the girders wiidiin tho time speoified in tlio 
contract. The punching of tho iron plates by hand was a 
todions and expensive as well as on inaccurate process ; 
and tlie work was pi-oceeding so slowly that tlio coutraotors 
found it absolutely necessaiy to adopt some new method of 
punching if they were to finish the work in time. In thoiv 
emergency they appealed to Mr. Eoberts, and endeavoured 
to pei-suade him to take the matter up. Ho at length 
consented to do so, and ovolvod the maobine in question 
during his evening’s leisure — for the most part while 
quietly sipping his tea. The machine was produoed, tho 
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oontraotors wore onatlcd to procood wilt tho punching of 
tho platoB indopendoni of the rofraclory mon, and the work 
was oxooutod with a despatch, accuracy, and oxcollonco 
that would not otherwise have boon possible. Only a few 
years since Mr. Boberts added a useM companion to the 
Jacquard punching machine, in his combined self-acting 
machine for shoaiing iron and punching both webs of 
angle or T iron simultanconsly to any required pitch ; 
though this machine, like others which have proceeded 
from his fertile brain, is ahead oven of this fast-manufac- 
turing age, and has not yet come into general use, but is 
certain to do so before many years have elapsed. 

These inventions were surely enough for one man to have 
accomplished 5 but we have not yet done. The mere enu- 
meration of his other inventions would occupy seveml 
pages. We shall merely allude to a few of them. One 
was his Turret Clock, for which he obtained the medal 
at the Great Exhibition of 3851. Another was his Prize 
Electro-Magnet of 1845. When this subject was first mon- 
tioned to him, ho said ho did not know anything of the 
theory or practice of oleotro-magnetism, but he would try 
and find out. The result of his trying was that he won tho 
prize for tlie most powerful oleotro-maguot : one is placed 
in tho museum at Pool Park, Manohoster, and another 
with tho Scottish Society of Arts, Edinburgh. In 1846 ho 
perfected an Ameiioan invoution for making cigars by 
machinery ; enabling a boy, working ono of his cigar- 
engines, to make as many as 5000 in a day. In 1 852 ho 
patented improvements in tho construotion, propelling, and 
equipment of steamsliips, which have, wo believe, been 
adopted to a certain extent by tho Admiralty ; and a fow 
years later, in 1865, wo find Hm presenting tho Secretary 
of War with plans of elongated rifle projeotilos to bo used 
in smooth-bore ordnanoo with a view to utilize the old- 
pattem gum His head, like mEuiy inventors of the time, 
being full of the meohanics of w'or, ho wont so far m to 
wait upon Louis Napoleon, and laid boforo him a plan by 
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which SebaHlopol was to ha blown down. I u short, xipon 
whatever subject ho turned his mind, ho loft the improsn 
of his invonlive faculty. If it was iinporfoct, ho improved 
it; if incapable of iiuprovoinent, and impracticable, ho in- 
vonlod somothiug entirely now, superseding it altogether. 
But with all his inventive genius, in the exorcise of which 
Mr. Itoberts has so largely added to the productive power 
of the country, wo regret to say that ho is not gifted with 
the commercial faculty. He has lielpcd otliers in their 
difficulties, but forgotten himself. Many liavo profited by 
his inventions, without oven aclcuowlodging the obliga- 
tions which they owed to him. They have used his brains 
and copied his tools, and the “ sucked orange ” is all but 
forgotten. There may have boon a want of worldly wisdom 
on his pai't, but it is lamentable to think that one of the 
most prolific and useful inventors of his time should in his' 
old ago be left to fight with poverty. 

Mr. Whitworth is another of the first-olass tool-makers 
of Manchester who has turned to excellent account his 
training in the workshops of Mandslay and Clement. He 
lias earned fully out the sj'stom of uniformity in Screw 
Threads which tliey initiated; and ho has still further 
improved the mechanism of the planing machine, enabling 
it to work both backwards and forwards by means of a 
screw and roller motion. His “ Jim Crow Machine,” so 
called from its peculiar motion in reversing itself and 
working both ways, is an oxlromely beautiful tool, adapted 
alike for horizontal, vortical, or angular motions. ' Tho 
minute accuracy of Mi'. Whitworth’s machines is not the 
least of their moiits ; and nofliing will satisfy him short of 
perfect truth. At tho mooting of the Institute ofMecha- 
nioal Engineers at Glasgow in 185(3 be read a paper on Iho 
essential Importance of possessing a true plane as a standar d 
of referonce in mechanical construotious, and he described 
elaborately tho true method of securing it, — ^namely, hy 
scraping, instead of by the ordinary process of grinding. 
At tho same mooting ho exhibited a maohino cf his inven- 
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tion l)y wliicli lio Ktatod that a ilLnbrouco of tlie inMioiith part 
of an inch in Icivgtli could at onco he dotootod. Ho also 
tUoro nrgod his favonrito idoa of uniformity, and proper 
gradations of sl^o of parts, in all tlie various br-anohes of the 
moohanioal arts, as a chief moans towards economy of pro- 
duction — a principle, as ho showed, capable of very ex- 
tensive application. To show the progress of tools and 
niaohineiy in his own time, Mr. Whitwoi'th cited the fiict 
that thirty ycai's since the cost of labour for making a sur- 
face of cast-iron true — one of the most important operations 
in moohnnios — by chipping and filing by the hand, was 
12s. a square foot ; whereas it is now done by tho planing 
machine at a cost for labour of less than a penny. Then 
in machinery, pieces of 74 rood printing-cotton doth of 
29 yards each could not bo produced at less cost than 30s. 6d. 
per piece; whereas tho same description is now sold for 
3s. Ocf. Ml’. ’Whitworth has beon among tho most effective 
workers in this field of improvomont, his tools taking the 
first place in point of speed, accuracy, and finish of work, 
in whioh rospoots they challenge competition with tho 
world. Mr, Whitworth has of late years been applying 
himself with his ncouslomod ardour to tho development 
of tho powers of rifled guns and projectiles, — a branch of 
mochanioal scicnoo in which ho confessedly holds a foremost 
place, and in perfecting which ho is still oonnpied. 
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CHAPTER XV. 
Jahbs HASimn. 


“ By Ilnmmei' tind Hand 
All Ai-ts dotii stand.” 

ITammrmtn’s Kfotto, 


This founder of the Sootoli family of Naosmytli is said to 
hnvo derived his name from the following ciroumstance. 
Tn tho couiBO of the feuds which raged for some time 
between tho Scotch kings and their powerful suhjeots tlio 
Earls of Douglas, a rencontre took place one day on tho 
outskirts of a Border village, when tho Icing’s adherents 
wore worsted. One of them took refuge in the village 
smithy, whero, hastily disguising himsolf, and donning a 
spare loathoin apron, he pretended to be engaged in assist- 
ing tho smith with his work, when a party of the Douglas 
followers inished in. They glanced at tho pretended work- 
man at tho anvil, and observed him deliver a blow upon 
it so unskilfully that the hammer-shaft broke in his hand. 
On this one of tho Douglas men rushed at him, calling 
out, “Ye’re nno smyth!” Tho assailed man seized his 
sword, which lay conveniently at hand, and defended him- 
solf so vigorously tliat ho sho^y killed his assailant, while 
tho smith brained another with Iris hammer ; and, a party 
of the king’s men having oomo to tlieir help, tho rest were 
speedily overpowered. The royal forces then rallied, and 
their temporary defeat was converted into a victory. The 
king bestowed a grant of land on his follower “ ITao Smyth,” 
who assumed for his arms a sword between two hammers 

T 2 
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with hioken shafts, and tho motto ” Non arlo sed Marte," 
as if to disclaim iho art of tho Smith, in which ho had 
failed, and to omphasizo tho auporiority of the warrior. 
Such is said to ho the traditional origin of tho family of 
NaosmytSi of Posso in Poohlosahiro, who continue to boar 
tlio samo uomo and ai-ms. 

It is roinarhahlo that the inventor of tho steam-hammer 
should havo so oilootually contradicted tho name ho boars 
and rovorsod tho motto of his family; for so far from 
being “ Nao Smyth," ho may not inapinoprialely be dosig- 
natod tho very Vulcan of tiro ninotoonth oentuiy. Ilis 
hammer is a tool of immenso power and pliancy, but for 
which wo must havo stopped short in many of those gigantic 
onginooring works which ai‘o among tho marvels of the 
ago we livo in. It possosses so muoh precision and deli- 
cacy that it will chip the end of an egg resting in a glass 
on the anvil without breaking it, while it delivers a blow 
of ten tons with such a force as to ho folt shaking (he 
parish. It is therefore with a high degree of appropriate- 
ness that Mr. Nasmyth has discardod tho fcokloss hauimor 
with tho broken shaft, and assumed for his omblom his own 
magnificent steam-hammer, at tho samo time rovorsing tho 
family motto, which ho has converted into " Non Maito 
sod Arte.” 

James Nasmyth belongs to a family whoso genius in art 
has lung boon recognised. His father, Alexander Nasmyth 
of Edinburgh, was a landsoapo-paintor of groat ominunco, 
whoso works aro soiuotimos confounded with tlwso of his son 
Patrick, called tho Englirfi Hohhema, though his own 
merits are peculiar and distbictivc. Tho older Nasmyth 
was also an admirable portrait painter, as his head of 
Burns — ^the host ever painted of tho poet— boars ample 
witness. His danglitors, tho Misses Nasmyth, were highly 
skilled painters of landscape, oird their works arc well 
known and mnoh prized. James, tho yroungest of tho 
family, inherits tlio same love of art, though his name ra 
more extensively known os a worker and iiivoiitor in iron 
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ITo was bora at Ediuburgli, ou tbo 19 th of Aagnsl, 1808 j 
and his attention was early direoted to inochuiiics by the 
circumstance of this being one of liis father’s hobbies. 
Besides being an excellent painter,. Mr. Nasmyth had a 
good general knowledge of arahitocturo and civil engineer- 
ing, and could work at tlie lathe and handle tools witli the 
dexterity of a mechanic. Ho employed nearly the whole 
of his spare time in a little workshop which adjoined his 
studio, where he encouraged his youngest son to work with 
him in all sorts of materials. Among his visitors at Ihe 
studio were Professor Leslie, Patrick ifiller of Dolswinton, 
and other men of distinction. Ho assisted Mr. Miller in 
his early experiments with paddle-boats, which eventually 
led to the invention of the steamboat. It was a groat 
advantage for the boy to be trained by a father who so 
loved excellence in all its forms, and could minister to 
his love of mechanics by his own instruction and practice. 
James used to diink in with pleasure and profit the con- 
versation which passed between hie father and his visitors 
on soientifio and mechanical subjects; and as he became 
older, the resolve grow stronger in him every day that he 
would be a mechanical engineer, and nothing else. At a 
proper age, ho was sent to the High School, then as now 
celebrated for the cxcellonco of its instruction, and there 
ho laid the foundations of a sound and liberal education. 
But ho has himsolf told the simple story of his early life 
in such graphic terms that we fool we cannot do better 
than quote his own words : — * 

“1 had tlio good luck,” ho says, “ to have for a soliool 
companion the son of an iron founder. Every spare hour 
that I could command was devoted to visits to his father’s 
iron foundry, where I delighted to watch the various pro- 

* Originally mpivdlbr John Hick, town, on the IStU ond 20 th Mni'ch, 
Ksf^., C.lii., of Bolton, tind embodied 1802; the account having been kindly 
by him in his Icctnreti on “ Self Ilolp,” correevod by Mr. Nesmy th ibr the 
deliveivd before tho Holy Trinity present publicntion. 

Working Men’s Associnlion of that 
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cessOB of moulding, iron-nifilting, onHting, forging, pattom- 
malting, and other Binith and metal work ; and although I 
was only about twelve years old at the time, I used to loud 
a hand, in which hearty zeal did a good deal to make up 
for wont of sti'ongth. I look back to the Saturday after, 
noons spent in the woiicshopa of that small foundry, as 
an important part of luy oducalion. I did not trust to 
reading aboxrt such and such tilings ; I saw and handled 
them ; and all the ideas in connection with them became 
permanent in my mind. I also obtained thero — what was 
of much value to mo in after life — a oonsidoi’ahlo aoquaint- 
anoo with the nature and oharaoters of workmen. By the 
time I was fifteen, 1 could work and turn out really re- 
spectable jobs in wood, brass, iron, and steel : indeed, in 
the working of the latter inestimable material, I had at a 
very early ago (oloven or twelve) acquired oonsidoinble 
profioienoy. As that was the pro-lucifer match period, the. 
possession of a steol and tinder box was quite a irntcnt of 
nobility among boys. So I used to forgo old files into 
‘steels’ in my father’s little workshop, and liarderi them 
and produce suob first -rate, neat little articles in that line, 
that I become quite famous amongst my school com- 
panions ; and many a task Irnvo I liad excused me hy 
bribing the monitor, whose grim sense of duty never could 
withstand the glimpse of a stool. 

“ My first essay at making a steam engine was when I was 
fifteen. I then made a real working stoam-engino, 14 
diameter cylinder, and 8 in. stroke, which not only could 
aot, but really did some useful work j for I inado it grind 
the oil oolonrs which my father required for his painting, 
Steam engine models, now so common, wore oxoecdingly 
Boaroe in those days, and veiy difficult to bo lind ; and as 
the demand for tliem areso, I found it botli dolightful and 
profitable to make them; as well os sectional models of 
steam engines, which 1 intradnoed for tlio puipose of ex- 
hibiting the movements of all the parts, hoih oxtorioi’ and 
Interior. With tlie results of tho sale of such models 1 
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was enabled to pay tbo price of tickets of admission to the 
loctnvflR on natural philosophy and chemistry delivered in 
the Univeraity of Edinburgh. About the same time (182C) 
I was so happy as to be einploj'cd by Professor Leslie in 
making models and portions of apparatus required by him 
for his lectures and philosophioal investigations, and 1 had 
also the inestimable good fortune to secure his friendship. 
His admirably clear manner of communicating a knowledge 
of the fundamental principles of mechanical science ren- 
dered my intercourse with him of the utmost importance 
to myself. A hearty, oheorfal, earnest desirn to toil in his 
service, caused him to take pleasure in instructing me by 
occasional explanations of what might otherwise havo 
remained obscure. 

“About the years 1827 and 1828, the subjoot of steom- 
can'iages for common roads occupied much of the attention 
of the public. Many tried to solve the problem. I made 
a working model of an engine which performed so well 
that some friends dotcrmiriod to give mo the means oi 
making one on a larger scale. This 1 did ; and 1 shall ' 
never forgot tho pleasure aird tho downright hard work I 
bad in producing, in the autumn of 1828, at an outlay of 
COl., a complete steam-carriage, that ran many a mile with 
eight persons on it. After keeping it in action two months, 
to the satisfaction of all who were interested in it, my 
friends allowed me to dispose of it, and I sold it a great 
bargain, after which the engine was used id driving a small 
factory. I may mention that in that engine I employed 
tho waste steam to cause an increased draught by its dis- 
charge up tho chimney. This important use of the waste 
steam had been introduced by George Stephenson some 
years before, though entirely unknown to mo. 

“ Tho oaiuost desire which I cherished of getting for- 
ward in the real business of life induced me to tmn my 
attention to obtaining employment in some of the great 
engineering ostablishments of tiho day, at the head of which, 
in my fancy as well as in reality, stood that of Hmy 
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MiHirlslay, of Loiiilon. It wan tho siimiKit of my ainTaition 
to {^oL woi'lc ill lluit OKtaliliKliuiGut ; but as my fatlior had 
not tlio moauH of paying a prominra, I doterminod to try 
what I could do towards attaining my object by submiltiiig 
to Ml'. Maiidsliiy actual spooimons of iny capability a.s a 
young workman, and dranglitsmiin. Xo this ond I set to 
work and made a small stoam ongino, every part of which 
was tho result of my own handiwork, including tho casting 
and tho forging of the several parts. This I turned out in 
suoh a stylo os I should ovon now bo proud of. My sample 
drawings wore, I may say, highly rospootable. Armed 
with such moans of obtaining tho good opinion of tho groat 
lloni'y Maudslay, on the 19th of May, 1829, 1 sailed for 
London in a Loith smack, and after aii eight days’ voyage 
saw the meti'opolis for the first time. I made bold to call on 
Mr. Mandalay, and told him my simple tale, lie deairod 
mo to bring my models for him to look at. I did so, and 
when ho came to mo I could see hy the exprossion of his 
oheorful, woll-romomborod countenance, that I had attained 
my object. IIo then and there appointed mo to bo his own 
lirivato workman, to assist him in his little paradise of a 
worlcshop, furnishod with tlio models of improved machin- 
ery and onginooriiig tools of which ho has been tho gi'out 
originator. IIo loft nio to amngo as to wages with his 
chief oashior, Mr. llobort Young, and on tho fust Saturday 
evening I accordingly wont to tho counting-house to ou- 
quiro of him about niy pay. Ho asked mo what would 
satisfy mo. Knowing tho value of tho situation I had ob- 
tainod, and having a vory modost notion of my worthiness 
to occupy it, I said, that if ho would not consider lO-v. a 
week too much, I thought I oould do vory well with that. 
I suppose ho concluded that I had some moans of my own 
to live on besides the 10s. a week which I asked. Ho little 
know that X had determined not to coat my father anollior 
fiirthing when I loft homo to begin tho world on my cwn 
account. My proposal was at onco acootlod to. And woll 
do I romomber tho prido and doUght I felt whon I oarriod to 
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my throo shillings a woolc lodging that night my first M'ngos, 
Ample they wore in my idea; for I know how little 1 
could live on, and was persuaded tliat by striot economy T 
could easily contrive to make the money support mo. To 
help mo in this object, I contrived a small coolring appa- 
ratus, which I forthwith got made by a tinsmith in Lam- 
beth, at a cost of Ga., and by its aid I managed to keep tho 
eating and drinking part of my private aooonnt within 
3s. 6d. per week, or 4s. at tho outside. I had three meat 
dinners a week, and generally four rice and milk dinners, 
all of which were cooked by my little apparatus, which I 
set in action after breakfast. Tho oil cost not quite a half- 
penny per day. The moat dinners consisted of a stew of 
from a half to three quarters of a lb. of leg of beef, the moat 
costing per lb., which, vrith sliced potatoes and a little 
onion, and os much water os just covered all, with a 
sprinldo of salt and black popper, by tho time I returned 
to dinner at half-past six furnished a repast in every ro- 
spoot as good as my appetite. For breakfast I liad coffee 
and a duo proportion of quartern loaf. After the first year 
of my oniploymont under Mr. Maudslay, my wages were 
raised to 15s. a week, and I then, but uot till then, in- 
dulged in the luxury of butter to my broad. 1 am tho 
more particular in all this, to show yon that I was a thrifty 
housekeeper, altliough only a lodger in a 3.v. room. I have 
tho old apparatus by me yet, and I shall have another 
dinner out of it ora I nra a year older, out of regard to 
days that wore full of (he real romance of life. 

“ On the death of Henry Maudslay in 1831, 1 passed over 
to tho somoo of his worthy partner, Mr. Joshua Field, and 
acted as his draughtsman, much to my advantage, until tlio 
end of that year, when I relumed to Edinburgh, to oon- 
struot a small stock of eugiueoring tools for the puriioso of 
enabling me to start in business on my own account. This 
ocoupiod me until the spring of 18S3, and during tho inter- 
val 1 was accustomod to take in jobs to oxeoute in my little 
workshop in Edinburgh, so as to obtain the means of 
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oomplotiug my slock of tools.* In IBS'!, I wont to 
MauoliCBtor, and look a flat of aii old mill iu Dale Sti-out, 
wlioro I bogaii buBiuosa. Jn two yotwa my stock bad ao 
iucroased as to overload the floor of tbo old briilding to 
BUcljL an extent that tbo landlord, Mr, Winun, becaiuo 
alarmed, ospooinlly as (lio tenant below mo — a glaas-outter 
— bud a viflit from tbo end of a 20-borso engine beam ono 
inoming among IiIh out lumldoiu. To set tboir anxiety at 
i-OBl, I wont out ibat oveniug to Tatrioroft and took a look 
at a rather clioioe bit of land bounded on ono side by Ibo 
canal, and on tbo other by tbo Livori)ool and Mauebester 
IJailway. By the end of tbo week I bad soonred a loaiio 
of tbo site for 999 years; by tbo end of tlio month niy 
w<»od sboda wore orootod ; tbo ring of the hammer on the 
smith’s anvil was soon board all over the place ; and tbo 
Bridgowatof li'oundry was fahdy under way. There I toiled 
right heartily until Dooomber aist, 1850, when 1 retired 
to onjoy in aotivo leisure the reward of a laborious life, 
during which, with the blessing of God, I enjoyed much 
true happiness through tbo hearty lovo which I ahvays had 
for my i)rofussion ; and I tnist I may bo allowed to way, 
witboixt undue vanity, that I have left behind mo Boino 
nsefnl residts of my labours intlioso iuvontions with which 
my name is identified, which have had no small sharo in 
llio aoeomplishmout of some of tbo greatest moohanioal 
works of our ago.” 

If Mr, Nasmyth had aocomiflished nothing more than 
the invention of his Btoam-hammor, it would have boon 


* Most of tlio tools with which he 
began biieiacss in Manchester were mnile 
hy hie own Imnde in his fnlhor’s little 
workshop nt Ediiiburgli. lie was on 
one occasion “ hord np” for brass witli 
which to make a wheel for hta planing 
machine. Ttiei^ was a row of old- 
fashioned hioss oandleetiolcs standing in 
bright nway oiii tbo kitchen mantel- 
pic-'e whicli ho giwtly coveted tbv the 


]>miioso. Ills fnther wits roinctnnt In 
give them up; “ for," said lie, "Ihatv 
haiil many a orack tviUi Hunts when 
tlicse caudleatlrks tvere on tlio taldc." 
Bnl his inolhcr at lengllt yielded; 
when the candlestickB were at once 
recast, and made into Die wheel of the 
planing mnenmo whiclt is still at worh 
in Manchottcr, 
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onoiigli to found a ropniation. Professor ToJnliiison de- 
scribes it as “ one of the most perfect of ariiiicial maoLinos 
and noblest triumphs of mind over matter that modern 
English engineers have yet developed.”* The hand- 
hammer has always been an important tool, and, in the 
form of tire stone colt, it was perhaps the first invented. 
‘When the hammer of iron superseded that of stone, it wa.s 
found praolicahlo in the hands of a “ onuning ” worlcman 
to oxeonte by its means mofcd work of great beauty and 
oven delicacy. But since the invention of cast-iron, and tho 
manufacture of wrought-iron in largo masses, the art of 
hammer-working has almost become lost; and great artists, 
such as Matsya of Antwerp and Bnkors of Nuremberg wero,t 
no longer think it worth their while to expend time and 
skill in working on so humble a material as wrougbi-iron. 
Tt is evident from the marks of caro and elaborate design 
whiob many of these early works exhibit, that tho work- 
man’s heart was in his work, and that his object was not 
merely to get it out of hand, but to execute it in first-rate' 
artistic style. 

■\Vbon tho use of iron extended and larger ironwork came 
to he forged, for cannon, tools, and machinery, the ordinaiy 
liand-hommer was found insufficient, and the helve or forge- 
hammer was invented. This was usually driven by a water- 
wheel, or by oxen or horses. The tilt-hammer was another 
form in which it was used, tho smaller kinds being worked 
by tho foot. Among Watt’s -various inventions, was a tilt- 
hammer of considerable power, which ho at first worked 
by means of a water-wheel, and aftei-wards by a steam- 


* Cj/ctr^'dia of Useful -Arts, ii. 
7;i9. 

t MatsTB* baiutlful wrought-iron 
well cover, still standing in front of 
tho cathedral at Antwerp, and Eukers’s 
steel or iron chair exhibited at South 
Kensington in 1862, are examples of | 
tho beantiful hammer woi'k turned out 
by tho artisans oftho middle ages. Th' I 


railings of tlic tombs of Henry VII. nmi 
Queen l!;le.mor in Westminster Abbey, 
the hinges and iron work of UncoiD 
Cathedral, of St. Gcoige’s Cliapd at 
Windsor, and of some of the Oxford 
colleges, niibrd equally striking illn...- 
trations of the skill of our Englisb 
blaoksroiths seTeral oenturin ago. 
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oiigino I'ogulatoil by a fly-wliool. Ilia first liamnior of tliis 
kind wus 120 lbs. in wuigbl; it was raised eight inches 
before making each blew. Watt afterwards made a tilt- 
hammer for Mr. Wilkinson of limdloy Forgo, of 7-jr owt., 
and it made 300 blows a minnto. Other improvements 
wei'o made in tlio hammer from time to time, but no ma- 
terial alteration was made in the power by which it was 
worked until Mr. Nasmyth look it in hand, and applying to 
it the direct force of steam, provided the worker in iron 
with the m»)st formidable of maelune-tools. This im- 
portant invention originated as follows : — 

In tho early part of 1837, the directors of the Groat 
Wostom Steam-Ship Company sent Mr. Francis Humphries, 
tlioir engineer, to consult Mr. Nasmytli as to some engineer- 
ing tools of unusual size and power, whioh wore required for 
tho oonstruotion of the engines of the “ Great Britain ” steam- 
ship. They had dotorminod to oonslruot those engines on 
tho vortical trunk-engine principle, in aocordanoo with Mr. 
irumphrios’ designs; and very complete works wore oreotod 
by them at their Bristol dockyard for the execution of tho 
roquisllo machinery, tho most important of the tools being 
supplied by Nasmyth and GaHkoll. The engines wore in 
liand, when a diffioulty arose with rospoot to tlio enormous ' 
paddle-shaft of tho vessel, whioh was of such a size of 
forging os had novor boforo boon oxocnted. Mr. Hum- 
phries applied to tho largest ongineoring firms throughout 
the country for tendora of tlio price at which they would 
oxoouto this part of Uio work, but to his surprise and 
dismay ho found that not ono of tho firms ho applied to 
would undei’tako so largo a forging. In this dilemma ho 
wrote to Mr. Nasmyth on the 24th Novomher, 1838, inform- 
ing him of tliis unlooked-for difflcnlty. “ 1 find," said ho, 
“there is not a forge-hammer in England or Scotland 
powerful enough to forgo tho pnddlo-shaft of tho engines 
for the ‘ Groat Britain I ’ What am I to do ? Do yon fiiink 
I might dare to use cast-iron?” 

This letter immodiatoly sot Mr, Nqsmyth ft thinking. 
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How was it that existing hammers wmre incapable of 
forging a wrought-iron shaft of thirty inchos diamottr? 
Simply because of their want of compass, or range and fall, 
as well as power of blow. A few moments’ rapid tljought 
satisfied him that it was by rigidly adhering to the old 
traditional foim of hand-hammer — of which the tiit, though 
driven by steam, was but a modification — that the difficulty 
had arisen. When even the largest hammer was tilted up 
to its full height, its range was so small, that wlien a piece 
of work of considerable size was placed on the anvil, the 
hammer became “ gagged,” and, on such an oocasion, where 
the forging required the most powerful blow, it received 
next to no blow at all, — the clear space fur fall being almost 
entirely occupied by the work on ^o anvil. 

The obvious remedy was to invent some method, by 
which a biook of iron should bo lifted to a sufficient height 
above the object on which it was desired to strike a blow, 
and lot the block fall down upon the work, — guiding it in 
its doscout by such simple means as should give tho re- 
quired precision in the percussive action of the falling 
mass. Following out tliis idea, Mi'. Nasmyth at once 
sketched on paper his steam-hammer, having it clearly 
before him in his mind’s eye a few minutes after receiv- 
ing Mr. Humphries’ letter narrating his unlooked-for 
difficulty. Tho hammer, as thus sketched, consisted of, 
first an anvil on which to rest the work ; second, a block 
of iron constituting tho hammer or blow-giving part; 
thud, an inverted stoara-cylindor to whose piston-rod tho 
block was attached. All tliat was tlion required to produce 
by such means a most cfi'eotivo hammer, was simply to 
admit steam in the cylinder so as to act on the under side 
of the piston, and so raise the block attached to the piston- 
rod, and by a simple oontrivanoo to let the steam escape and 
so permit tho block rapidly to descend by its own gravity 
upon tho work then on the anvil. Sucli, in a few words, 
is tho rationale of tho steain-hammei'. ■ 

By the same day’s post, Mr Nasmyth wrote to Mr 
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lIumitlii'ioH, InoloMlng a ekoUili of llio invciilion 'ey wli'ioli 
ho jiropoHOcl to forgo Uio “Cireat Jiriiaiu” padillo-shaft. 
Mr. HiimphricH (slunvcil it to Mr. Unmol, tho ongineer-in- 
oliiof of tlio company, to Mr. Gnppy, tlio managing dircotor, 
and to others inloi-oHtcd in tho inidortaking, by all of whom 
it was heartily a]»provod. Mr. Nasmyth gave ponnission 
to ooramunioato his plans to such forge proprietors as 
might fool disposed to croot such a hammer to exoonto tho 
proposed work, — (ho only condition which ho nuido being, 
that in tho ovont of his luunmor being adopted, ho was to 
bo allowed to supply it according to his own design. 

Tho paddle-shaft of the “Great Britain” was, how- 
ever, never forged. About that time, tho substittition of 
the Sorow for tho TPaddlo-whool os o moans of propulsion 
of stoam-vosBols was attraoting mnoh attention ; and the 
performanoos of tho “ Arohimodos” wore so sucoossfnl as to 
induce Mr. Brunei to rooommond his Directors to adopt 
tho now power. They sdoldod to his entreaty. Tho great 
engines which Mr. Humplmos had designed woin accord- 
ingly sot aside; and ho -was roquirocl to produoo fresh 
designs of enginos sailed for screw propulsion. Tlio lusiilt 
was fatal to Mr. I-Tum2dirioB. Tho labour, tlio aiixioly, 
and porliiip.H the disappoinlraout, inwed too mucli for liim, 
and a brain-fovor carried him off; so that uoithor his groat 
paddlo-shaft nor Mr. Nasmyth’s slcam-hammor to forgo it 
was any longer noedod. 

Tho hammer was loft to bido its time. No forgo-mostor 
would take it up. Tho inventor wriito to all tho groat 
films, urging its suporiorit.y to ovoi’y other tool for working 
malloablo iron into all kinds of forgo work. Thus ho wrote 
and sent illustrative Bkotohos of his hammer to Aooromons 
and Moi^an of Bristol, to Iho late Boujiimin Hick and 
Kushton and Edcersloy of Bolton, to Howard and llavonhill 
• of Rothorhitho, and other firms ; but unhappily bad thuos 
for the iron trado bad sot in ; and although all to whom ho 
oommunioatod his -design worn nmoli stmek with its sim- 
plicity and obvious advantages, tho answer usually given 
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was — “ We have not orders onongli to keep in work the 
forgo-liammors we already have, and wo do not desire at 
present to add any new ones, however improved.” At 
that time no patent had hoen taken ont for tlio invention. 
Mr, Nasmyth had not yot saved money onongh to onablo 
him to do so on his own acconnt; and his paitnor doclined 
to spend money upon a tool that no engineer wonld give 
tJio finn an order for. No socret wos made of tho invention, 
and, excepting to its owner, it did not soem to be worth 
one farthing. 

Such was tho unpromising state of affairs, when M, 
Sclinoidor, of tho Creuaot Iron Works in France, called at 
tho Patidoroft works together witli his practical mechanic 
M, Bourdon, for tho ptiipose of ordering some tools of the 
firm. Mr. Nasmyth was absent on a journey at the time, 
but his partner, Mr. Goskoll, os an act of courtesy to the 
strangers, took the oppoitunity of showing them all that 
was new and interesting in x’cgard to mochanism about the 
works. And among other things, Mr. Gaskoll brought out 
his partner’s sketch or “ Scheme book,” which lay in a 
drawer in tho ofiSco, and showed tliem tho design of the 
Steam Ilaimnor, which no English firm would adopt. 
They wore muoli stnick rvith its simplicity and practical 
utility j and M. Bourdon took careful note of its arrange- 
monts. Mr. Nasmyth on his return was informed of tho 
visit of MM. Sohnoidor and Bourdon, but tho circumstance 
of thoir having inspected tho design of his steam-hammer 
seems to have been regarded by his partner as too trivial a 
matter to bo repeated to liim ; and he knew nothing of the 
oiroumslanco until his visit to Franco in April, 1840. 
When passing through the works at Oreusot rvith M. 
Boui’don, Mr. Nasmyth saw a orank shaft of unusual size, 
not only forged in tho piece, but punched. ,Ee imme- 
diately asked, “How did you forge that shaft?” M. 
Bourdon’s answer was, “ Wiry, with your liammer, to he 
euro I ” Groat indeed was Nasmyth’s mirpriso ; for he had 
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novor yol seoii tlie liamnier, oxoopt in his own drawing . 
A little nxplatiation soou clearod all np. M. Bourdon said 
ho had boon so much stmok wiih tlio ingeiiuil.y and sim- 
plioity of tho arrangomont, ihat ho had no sooner rotumed 
than ho Bet to work, and had a hainmor mado in gonoml 
aooordauco widi tho design Mr. GaskoU had sliown him ; 
and that its poi-formanoos hod answorod his ovoiy expecta- 
tion. TIo then took Mr. Nasmyth to see tho stoam-hanuner ; 
and great was his delight at seeing tho child of his bain 
in full and active Avovk. It was not, according to Mr. 
Nasmyth's ideas, quite porfoct, and ho readily suggested 
several improvonionts, oonformahlo with tho origin^ de- 
sign, which M. Bourdon foiHJiwith adopted. 

Ml'. Nasmyth at once despatched a letter to his partner 
telling him wliat lio had soon, and urging that the taking 
out of a patent for the protection of (ho invention ought 
no longer to ho defoi'red. But trade was still very much 
depressed, and as tho Patrioroft firm neodod all thuir 
capital to carry on thoir businosa, his partnors objected to 
lock any of it up in onginooiing novelties. Seeing himself 
on tho brink of lo.sing his property in the invention, Mr. 
Nasmyth applied to his brotlior-in-law, William Bennett, 
Esq., who adA’ancod him the roqiiisite money for tho 
purpose — about 280A, — and tho patent was scoured in 
Juno 1840. Tho first hammer, of 30 cAvt., was mado for 
tho Patrioroft Avorks, with tho consent of tho 23artnora ; and 
in the course of a fow weeks it was in full Avork. The 
precision and beauty of its action — tho perfect case witli 
which it was managed, and tho untiring force of its por- 
oussivo bloAVB — ^werc the admiration of all who saw it ; and 
from that moment the steam-hammer became a recognised 
poAver in modem moohauics. Tho variety or gradation of 
its blows was such, that it was foAmd praotioablo to mani- 
pulate a hammer of ton tons os cosily as if it had only boon 
of ton ounces weight. It was under such compjeto control 
that while descending Avith its groaloBt momontum, it 
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ooulcl l)e Qi'i'OBted at any point wilh oven gi-oatcr oaso than 
any instvnmont nsod by band. "Wbile capable of forging 
an Armstrong hundred-pounder, or the sheet-anchor for a 
ship of the lino, it could hammor a nail, or oi-aok a nut 
without bruising the kernel. "When it came into general 
use, the facilities which it afforded for executing all kinds 
of forging had the effect of greatly increasing the quantity of 
work done, at the same time that expense was saved. The 
cost of making anchors was induced by at least 50 per cent., 
while the quality of the forging was impi-oved. Before its 
invention the mamifaoturo of a shaft of 15 or 20 owt. re- 
quired the oonocnta'atod exertions of a large establishment, 
and its successful execution was regarded as a great triumph 
of skill ; whereas forgings of 20 and 30 tons weight are 
now tilings of almost eveiy-day ooouiTenoe. Its advantages 
wore so obvious, that its adoption soon became general, 
and in the course of a few years Nasmyth steam-hammers 
wore to ho found in eveiy well-appointed workshop both 
nt homo and abroad. Many modifloations have been made 
in the tool, by Oondie, Morrison, Naylor, Bigby, and others; 
but Nasmytli’s was the father of them all, and still holds 
its ground.* 

Among the important uses to which this hammer has of 
late years been applied, is the manufacture of iron plates 
for covering our ships of war, and the fabrication of the 
immense wrought-irou ordnance of Armstrong, Whitworth, 
and Blakely. But for the steam-hammer, indeed, it is 
doubtful whether such weapons could have been made. It 
is also used for the ro-inanufaoturo of iron in various other 
forms, to say nothing of the greatly extended use which it 

* Mp. Nusraytll lina lately intro- the operation of a singlo lever j end by 
lucedtwilli theoesIstnnceof'Mr. Wilson this improvement the machine has nt- 
of the Low Moor Iron Works, a new, tained n papUtty of action and chanp 
exceedingly ingenious, and vary simple of motion suitable to the powers of tjie 
contpivance ibr working tho hnmincp. engine, and the form or coneiatency of 
By this nppIicaUon any length of tho articles under the hammer. — Mr. 
•troke, any amount of blow, and any FAinBAtns’sifcpoW on Me Parfc Vm- 
uuount of variation can he given by teersal Exhibition of 1BS6, p. 100, 
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haii boon tho clireoi: means of oilcul-itig in wi'oiig;}i(,-iron and 
steel forgings in overy (losoription of inaohiuciy, from the 
largest marine Btcani-ongines to tlio most uioo and dolioalo 
parts of textile mochaiiism. “It is not too mnoli to say,” 
observes a writer in the ii’nyincer, “ that, witbont Nasmyth’s 
Btoam.-haramor, wo must have stopped short in many of 
those gigaritio ouginooring works wiiicli, but for the decay 
of all wonder in ns, would bo tho perpetual wonder of this 
ago, and which liavo onahlod onr modern engiuoovs to tako 
rank above the gods of all mythologies. Tboro is one use 
to which tho steam-hammer is now becoming extoiisivoly 
applied by some of onr mannfaoLurors that deserves especial 
mention, rather for tho prospect which it opens to us than 
for what has already boon actually accomplisbcd. "Wo 
allude to the manufaeture of loi'go arliolos in dies. At one 
manufaotory in the country, railway wbeolB, for example, 
are being manufaotnrod with enormous ooonomy by this 
means. Tho varioTis parts of tho wheels are produced in 
quantity either hy rolling or by dies under tho hammer; 
these parts aro brought togothor in their relative positions 
in a mould, hoatod to a wolding lieat, and then by a blow 
of the steam bauuner, furnished with dies, are stamped 
into a ooinploto and all but fiiiisbod wheel. It is evident 
that wherever wr<mght-iron artiolos of a manageable siso 
have to bo prodnood in considorablo quautilios, tho some 
prooosN may bo adopted, raid tlio saving olToctod by tJio 
substitution of this for tho ordinary forging process will 
doubtloss oro long prove inoalonlahlo. For tliis, as for tho 
many other advantageous uses of tho stoam-hamnier, wo ai'o 
primaiily and mainly indebted to Mr. Nasmyth. It is bnt 
right, thoroforo, tliat we should hold his nemo in honour. 
In fact, when wo think of tho universal soivico which tliis 
maohino is rendering us, wo fool that some spooial expros- 
sion of oiu’ iiidobtednoss to him would bo a roasonablo and 
gi-ateful service. Tho honoilt which ho has conferrod upon 
AS is soi groat as to justly entitle him to stand side by side 
with the few men who have gained uanio and ituno ns great 
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jnvonUvo engineera, and to whom wo liave testified om 
gratitude — ^usually, unhappily, when it woa too late for 
them to enjoy it." 

Mr. Nasmyth subsequently applied tho princqilo of the 
steam-hammer in tho pile ^iver, which he invented in 
1848. Until its production, all piles had been driven by 
moans of a small mass of iron falling upon the head of tho 
pile with groat velocity from a considerable height, — the 
raising of the iron mass by means of the “monkey" being 
an operation that occupied much time and labom*, with 
which tho results were voiy incommensurate. . Pile-driv- 
ing was, in Mr. Nasmyth’s words, conducted on tho artillery 
or cannon-ball principle; the action being excessive and 
the mass deficient, and adapted rather for destructive than 
impulsive action. In his new and beautiful machine, he 
applied the elastic force of steam in raising the ram or 
driving block, on which, the block being disengaged, its 
whole weight of throe tons descended on the head of tho 
pile, and the process being repeated eighty times in tho 
minute, tho pile was sent homo with a rapidity fiiat was 
quite marvellous compared with tho old-fashioned syatem. 
In forming coffer-dams for the piers orrd abutments of 
hridgos, quays, and harbours, arrd in piling the foundations 
of all kinds of masonry, tho steam pile driver was found of 
invaluahle use by the engineer. At the first experiment 
made with the maohine, Mr. Nasmyth drove a 14-inoh pile 
fiftoou feet into hard ground at the rate of 65 blows a 
mimrte. This pile driver was first used in formrrng the 
steam dock at Dovonport, where tho results rvere very strik- 
ing 5 and it was shortly after employed by Eohert Stephen- 
son in piling the formdations of tho great High' Level 
Hrrdgo at Newcsistle, and tho Border Bridge at Berwidc, os 
well as ih several other of his gr'oat works. The roving of 
fimn offootod by this machine was very remarkable, the 
ratio being as 1 to 18.00 ; -flrat is, a pile could be driven in 
four minutes that before required twel-yo hours. , One of 
the peculiar features of the invention was that of employ- 
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ing tho pilo itself as tlio support of llio stcam-bamuier part 
of tho aijparatiiB wliiio it was being driven, so that tho pilo 
had the persuasive action of tho dead weight of tire hammer 
as well as its lively blows to induce it to sink into the 
ground. The steam-hammer sat as it wore on the 
shoulders of tho pilo, while it dealt forth its ponderous 
blows on tho pile-head at tho rate of 80 a minute, and as 
tho pilo sank, tho hammer followed it down with never 
relaxing activity until it was driven homo to tho required 
depth. One of the most ingenious contrivances einployod 
in tho driver, which was ulso adopted in tire hammer, was 
tho use of stoam as a buffer in tho upper port of the cylin- 
der, which had the effect of a recoil spring, and gruatly 
onlianood tho force of tho downwai’d blow. 

In 184:6, Mr. Nasmyth designed a form of steam-engine 
after that of his steam-hammer, which has been extensively 
adopted all over* tho world for sorow-ships of all sizes. 
Tho pyramidal form of this engine, its groat simplicity and 
get-at-ahUity of pai’ls, togolher %vitli tho oirotimstanoo that 
all the weighty parts of tho engine are kept low, have ren- 
dered it a universal favonrito. Among the other labour- 
saving tools invontod by Mr. Nasmyth, may bo mentioned 
tho well-known planing maohino for small work, called 
“ Nasmyth’s Steam Arm,” now used in ovory large workshop. 
It was oontrivod for the purpose of executing a largo order 
for locomotives roooived from tho Groat Western Kailway, 
and was found of groat uso in accelerating tlio work, ospo- 
cially in pinning tho links, lovers, connootiug rods, and 
smaller kinds of wrought-ivon work in those engines. His 
notched drill for slots and slits was another of his handy 
inventions, whioh shortly came into general use. In iron- 
founding also he introduced a valuable praotioal improve- 
ment. Tho old mode of pouring the molten metal into tlm 
moulds was by means of a large ladle with one or two cross 
handles and levers ; but many dreadful aooidents ocourred 
through a slip of the hand, and Mr. Nasmylh rosolvod, if 
possible, to prevent them. The plan ho adopted wa«r to fix 
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a wornn-wlieel on. tlio side of tlio ladlo, into wliioh. a ■worm 
was geared, and by this simple contriyanoe one man was 
enabled to mo'ye tbe largest ladle on its axis with perfect 
ease and safety. By this means the work was mon 
promptly performed, and aocidents entirely avoided. 

Mr, Nasmyth’s skill in invention was backed by great 
energy and a large fund of common sense — qualities not 
often found united. These proved of much service to the 
conoem of which he was the head, and indeed constituted 
the vital foroe. The firm prospered os it deserved ; and 
they executed orders not only for England, but for most 
countries in the civilized world. Mr-. Nasmyth had the 
advantage of being trained in a good school — ^that of Henry 
Maudslay — where ho had not only learnt handicraft under 
the oye of that great mechanic, but the art of organizing 
labour, and (what is of great value to an employer) know- 
ledge of the characters of workmen. Yet the Nasmyth firm 
were not without their troubles as respected the mechanics 
in their employment, and on one occasion they hod to pass 
through the ordeal of a very formidable strike. The man- 
ner in which the invontdr of the steam-hammer literally 
“ Scotched ” this stiike was very oharacteristio. 

A olovor young man employed by the firm as a brass 
founder, being found to have a peculiar capacity for skilled 
meohanioal work, had been ad-vanced to the lathe. The 
other men objected to his being so employed on tho ground 
that it was against tho rules of the trade. “But he js 
a first-rate workman,” replied tho employers, “and we 
think it right to advanoe a man according to his conduct 
and his merits." “ No matter," said the workmen, “ it is 
against the rules, and if you do not take the man from the 
lathe, we must turn out.” “Very well; we hold to our 
right of selecting the beat men for the best places, and we 
■will not take the man from the lathe.” The consequence 
was a general turn out. Pickets were set about the works, 
and any stray men who went thither to seek employment 
wore waylaid, and if induced to tm'n back, were roal- 
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timtocl or annoyed nnlil they wore glad to loavo. Q’lio 
works wore almost at a staiicUtiU. This slate of things 
could not ho allowed to go on, and tlio licad of tlio firm 
hostirrod himself accordingly with his usual energy, 
lie wont down to Scotland, searched all tlio. best mo- 
ohttuical worlcsho2ia there, and after a time Huccoodod in 
engaging sixty-four good hands. Ho forbade them coming 
by driblets, but hold thorn togeihor until thoro was a full 
fi’oight ; and then they oamo, with tlioir wives, fnmilios, 
chests of drawers, nud oight-day cloolcs, in a steamboat 
Biiooially hiiud for their trauspoi’t from Oroenook to Livei-- 
pool. From thonoo tlicy came by special train to Patricroft, 
whore houses wore in roadinoss for thoir reception. Tho 
arrival of so jiumorons, woll-drassed, and rospootablo a ooips 
of -workmen and tlioir families -was an event in the noigh- 
bourbood, and could not fail to strike tho “inckots” with 
Burpriso. Next moniing the sixty-four Sootchraon ns- 
Boiublod in the yard at Patrioroft, and after giving '* three 
ohoors,” went quietly to thoir work. Tho “picketing” 
wont on for a litllo whilo longer, but it was of no uso 
against a body of strong men who stood “sliouthor to 
sbouthor,” as tho now hands did. It wns ovon bruited 
about that there wore “ more trams to follow ! ” It very 
Boon hocamo oloar that tho baok of the Btriko was broken, 
Tho moil rolurnod to thoir work, and tho olovor brass 
founder continuod at ■ his tuniing-lailio, from which he 
epoodily rose to still higher omploymont. 

NotiviUistanding tlio losses anil suffering oooasionod by 
Bti’ikos, Mr. Nasmyth holds tho opinion that thoy have on 
tho whole prodnood uvndi more good than evil. Thoy have 
Borved to slimulato invention in an oxtrooi-dinary degree. 
Some of the most important kbour-saviug pi-ooessos now in 
common uso are directly traooablo to thorn. In tlio oaso ol 
many, of our most potent self-acting tools and niaohinos, 
manufacturers could, not he induced to adojit them until 
compelled to do so by strikes. Tbis was tho case with tho 
Bolf-aoting irnilo, the -woDl-combiug nmolnno, tlio planing 
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niaohiue, the slotting maohiue, Nasmyth’s stoam nrui, and 
many otheis. Thus, ovon in the mechanical world, there 
may be “ a soul of goodness in things evil." 

Mr. Nasmyth retired from business in December, 1866. 
Ho had tho moral courage to come out of the groove which 
ho had BO laboriously made for himself, and to leave a 
large and prosperous business, saying, “ I have now enough 
of this world’s goods ; let younger men have their ohanoe.” 
IIo settled down at his rural retreat in Kent, but not to 
lead a life of idle ease. Industry had become his habit, 
and active occupation was necessary to his happiness. Ho 
foil back upon the cultivation of those artistic tastos which 
are tho heritage of his family. When a boy at the High 
School of Edinburgh, he was so skilful in making pen and 
ink illustrations on tire margins of the olassics, that ho 
thus often purchased from his monitors exemption from tho 
lessons of the day. Nor had ho ceased to cultivate the art 
during his residence at Fatricroft, but was accustomed to 
fall back upon it for relaxation and enjoyment amid the 
pursuits of trade. That he possesses remarkable fertility 
of imagination, and great sMll in oi'chitectural and land- 
scape drawing, as woU as in the much more difBcult art of 
delineating the human figuia, will be obvious to any one 
who has seen his works, — more partioulai-ly his “ Oity of St. 
Ann’s,” “Tho Eaiiies,” and “Everybody for ever! ” which 
last was exhibited in Fall Moll, among tire recent collection 
of works of Art by amateurs and others, for lulief of tho 
Lancashiro distress. Ho has also brou^t his common 
senso to bear on such unlikely subjects as the origin of tho 
ounoifbrm oharaotor. Tho possession of a brick from Baby- 
lon set him a thinking. How had it been manufactured? 
Its under side was clearly marked by the sedges of the 
Euphrates upon which it had been laid to dry and bake in 
tho sun. But how about those curious cuneiform chaiabters ? 
How had writing assumed so remarkahle a form? His sur- 
mise was this : that the. hriofcmakers, in telling’their tale erf 
biioks, used tho triangular cornet of another briok, and by 
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proBfiing it doTO iipon tho soft clay, loft boHincI it the iri- 
angular mark Tvliioh tho onnoifonn character exhibits. 
Such marks jcpcatod, and placed in difibi'ont relations to 
each other, would readily represent any nuinboi’. From the 
use of tho corner of a biiok in writing, tho transition was 
easy to a pointed stick with a triangular end, by the uso of 
which all tho cuneiform ohamotors can readily be produced 
upon the soft clay. This curious question fomed tho 
subject of au interesting paper read by Mr. Nasmyth before 
tho British Association at Oholtonhain. 

But tho most engrossing of Mr. Nasmyth's later pursuits 
has been the science of astronomy, in which, by bring- 
ing a fresh, original mind to the observation of oolo.slial 
phoiiomona, ho has succeeded in making some of the most 
remarkable discoveries of our time. Astronomy was one 
of his favourite pursuits at Patrioroft, and on bis rotiro- 
mont heoamo his serious study. By repeated observations 
with a powerful roflocting tolesoopo ofliisown constnxo- 
tion, ho Bxioooodod in making a very careful and minute 
painting of tho orators, crocks, niouiitains, and valleys in 
tho moon’s surface, for which a Council Medal was awai-ded 
him at tho Groat Kxlxibilion of ISfil. But the most 
striking discovery which ho has m.-ido by moans of his 
telescope — tho result of patient, oontinuons, and euorgetio 
observation — has boon tliat of tho naUiro of tho sun’s sur- 
face, and tho oliaraotor of tho oxtraordinory light-giving 
bodies, apparently possessed of voluntary motion, moving 
across it, sometimes forming spots or hollows of more than 
a linndrod thousand miles in diameter. 

Tho results of theso observations wore of so novel n 
oharaotor that nstronomera for some limo hositatod to ro- 
ooivo them as facts.* Yet so omiuoiit an astronomer as 
Sir John Hcrsohel does not hositate now to dosoribo them 
as " a most wonderful discovery.” " According .to Mr 


* Se« 'Jilemira of the TMcrary and I^MhnphM Sooicty of Ma^it/ieatw 
8n) vol i, 407, 



CiiAP. \V. niS DISCOVEEIES IN ASTEOKOMT. 


297 


Nasmyth’s obsoi'vations,” says he, “ made with a very fine 
telesoopo of his own making, the blight surface of the snn 
consists of separate, insulated, individual objects or things, 
all nearly or exactly of one ocrtaiu definite size and shape, 
which is more like that of a willow leaf, as he describes 
them, than, anything else. These leaves or scales are not 
arranged in any order (as those on a butterfy’s wing are), 
but lie crossing one another in all directions, like what 
are called spills in the game of siiillikins ; except at the 
borders of a spot, where they point for the most part 
inwards towards the middle of the spot,* presenting 
much the sort of appearance that the small leaves of 
some water-plants or sea-weeds do at the edge of a deep 
hole of clear water. The exceedingly definite shape of 
these objeots, their exact similarity one to another, and 
the way in which they lie across and athwart each other 
(except where they fom a sort of bridge across a spot, in 
which case they seem to affect a common direction, that, 
namely, of the bridge itself), — all these characters seem 
quite repugnant to the notion of their being of a vaporous, 
a oloudy, or a fiuid nature. Nothing remains but to con- 
sidor tlicm as separate and independent sheets, flakes, or 
scales, having some sort of solidiiy. And those flakes, be 
they what they may, and whatever may be said about the 
dashing of meteoric stones into the sun’s atmosphere, &o,, 
are evidently tJie immediate sowrm of the solar light and heat, 
by whatever mechanism or whatever prooesses they may 
be enabled to devolope and, as it were, elaborate these ele- 
ments from the bosom oi tSie non luminous fluid in which 


* Sir John Hcrschel adds, “ Spots 
of not very iiTogular, and what may 
be callad compn^ form, covering an 
area of between seven and eight hun- 
dred millions of square rones, are bv 
no means nneoromon. One spot which 
1 moiisurcd in tlie year 1837 occupied 
no less than throe thousand seven 
bnpdred and eighty millions, tahlrg is 


all the in-egularil!es of its form ; and 
the black space or nucleus in the middle 
of one very nearly round one would 
have allowed tlie earth to drop through 
it, leaving a thousand olear miles on 
either side; and many instances ol 
much larger spots than these aw ap 
record,” 
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tlioy appear to float. Looked at in thia point of view, wo 
cannot refuao to regard tkoia aa orgaiiiams of some peculiar 
and amazing kind ; and tliougli it would ko too daring to 
speak of auoli organization as partaking of the nature of 
life, yot wo do know that vital aolion is coinpotont to 
develop heat and light, as well as oloolrioity. These 
wonderful ohjooLa have hoou seen by others as well as M3’. 
Nasmyth, so that there is no room to doubt of their 
reality.” * 

Suoh is the inarvollous discovery made by the inventor 
of the stoam-haininor, as doseribcd by tlio most distin 
guishod aalrunomor of Iho ago. A writer in the JM'mhwgh 
Jtevmio, rofori’ing to the subjoet in a rooont number, says 
it sliows him “ to ]3obsoss an intelloot as profound as it is 
e3(.port.” DotibUoss his troinhig us a inoohauio, his habits 
of close observation and his ready invontivonoss, which 
conforrod so much power on him as an engineer, pi’ovod 
of equal advantage to hint when laboxiring in tlio domain 
of physical soionoo. Bringing a fresh mind, of keen por- 
ooption, to his now studios, and uninfluenced by pvooon- 
coivod opinions, ho saw them in now and original iiglifs ; 
and honoo the oxtraoa’dinoi'y disoovovy above described by 
Sir John Ilerschol. 

Some two hundred years sinco, a luembor of the Nasmyth 
family, .loan Nasmyth of Hamilton, wos hunit for a witeli 
■ — one of the last martyrs to igiioranco and huporstilion in 
Scotland — ^because she road her Bible with two pairs of 
ppoctacloB. Had Mr. Nosmytlv himself lived tlion, ho might, 
with his two tolosoopos of his own making, which brisig 
the Bun and moon into his obambor for hint to oxanime 
and paitit, have been token for a sorooror. But fortunately 
for him, and still move so for us, Mr. Nasmyth siands ho- 
foie the pnblio of this ago as not only one of its ablest 
meobanios, but as one of Ibo must aocompli^od and original 
of Bolentiflo observers. 


• Sin Jons IlEnsoiinr, in Good Words iur April, IS'l."}. 
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“ In Ecienoi ilicra is woi'Ic for all Iiands, more or loee skilled ; end ko is 
usually the most lit to occupy the Itiglicr posta who has rUcn from the 
iwiks, and has cxpoiimeiitally acquainted himself with tlie nature of the 
work to be done lu each and every, even tlie humblest department.” 
tF, L, Ihi-bes, 


Tni! development of tho meoliaulcal imlnstiy of England 
liivs been bo rapid, especially as regards the wonders 
aobiovod by tlvo inaohiao-tools above roforrccl to, Ibat it 
may almost bo said to havo boon aocomplisbod within the 
life of tlio presout generation. “ When I fii’st onlerod tliis 
city,” said Mr. Fairbairn, in Ms inaugural address as I’ro- 
sidont of tlio Eritisli Association at Monohestor in 1861, 
“ tbo wholo of tlio maohinoiy was executed by hand. 
Tlioro wore neither planing, slotting, nor shaping ma- 
chines; and, with the exception of veiy imperfect lathes 
and a few drills, tho proparatory operations of oonstrao- 
tion were offectod ontiroly by the hands of the workmen. 
Now, everything is done by machine-tools with a degree 
of aocuraoy which tho unaided hand could never aooom- 
plish. Tho nulomaton or solf-actiug machine-tool has 
within itsolf nn almost creative power; in fact, so gi-eat 
avo its powers of adaptation, that thoro is no operation of 
tho human band Ibat it does not imitate." ■ In a letter to 
tho antlior, Mr. Fairbairn says, ” The great pioneers of 
mncliine-iool-inaking wore Maudslay, Muntiy of Leeds, 
Clement and Fox of Derby, who were ably followed by 
Nasmytb, Eoborts, and "Whitworth, of MandieSter, and 
Sir Potor Fairl aini of Loods and Mr. Fairbairn raighl 
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well liavo added, by himself, — ^for ho has boon one of tho 
most iniluQiilial and snocossful of mochanionl onginoors. 

William I’airbairn was bom ot Kelso on tho 19th of 
Fobvnary, 1789. Ilia parents oooupiod a huinblo but ro- 
spoctablo position in life. His father, Andrew rnirbairn 
Wt-is tho son of a gardener in tho omploymont of Mr. Baillio 
of Molliston, and lived at Smailholm, a villngo lying a few 
luiloa west of Kelso. Tmoing the Pairbairns still further 
bach, wo find several of them occupying tho station of 
“ portionerB," or small lairds, at Earlslon on tho Tweed, 
whore tho family had boon settled since tho days of tho 
Solomu League and Covenant. By his mother's side, tho 
hubjoot of our memoir is supposed to bo dosoondod from 
the anciont Border family of Douglas. 

While Andrew Pairbaim (WilHom’s father) lived at 
Smailholm, Walter Scott was living with bis gmndmothci 
in Smtdlholm or Bandyknowo Tower, whither ho had been 
sent from Edinburgh in tho hope (bat ohaiigo of air would 
help the euro of his diseased hip-joint; and Andrew, 
being nine years his senior, and a strong youth for his 
.ago, was aooHstoinod to carry tlie little patient about in 
his arms, until ho was able to walk by himself. At a 
later period, when Miss Boott, Wallor’s aunt, removed 
from Smailholm to Kelso, tho intercourse between the 
families was renewed. Scott was then an Edinbmgh ad- 
vocate, engaged in oolleoting materials for his Minstrelsy 
of the Scottish Border, or, as his annt described his pur- 
suit, “ ranning after the auld wives of the country gathei'in’ 
liavei's,” Ho used frequently to road over by the fireside 
in the evening tho results of his curious induslry, whioli, 
however, wore not very greatly appreciated by his nearest 
relatives ; and they did not soruple to declare that for tho 
" Advocate ” to go about oolleoting “ballants" was more 
waste of time as well os money. 

William Eairboim’s firet schoolmaster was a dooropit 
old man who wont by the nomo of “Bowed Johnnie Kor,” 
—•a Gainoroniaa, with a nasal twang,' which his pupilg 
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learnt innoll more readily than they did his lessons ih 
reading and arithmeiio, notwithstanding a liberal nso oi 
“the tawse.” Yet Johnnie had a taste for miisio, and 
taught his pupils to sing their reading lessons, whioh was 
reckoned quite a novelty in education. After a short time 
our scholar was ti-anafeiTed to the parish-school of the 
town, kept by a IVIi'. White, whoi’e he was placed unde 
the charge of a rather severe helper, who, instead of the 
tawse, administered disoiph'ne by moans of his knuckles, 
hard as horn, which he applied with a poouliar jerk to the 
crania of his pupils. At this school Willie Poirbaim lost 
the greater part of the singing accomidishments which he 
had acquired under “ Bowed Johnnie,” but he learnt in 
lieu of Aem to read, from Scott and Barrow’s collections 
of prose and poetry, while he obtained some knowledge of 
arithmetic, in which he proceeded as far as practice and 
the rule of three. This constituted his whole stock of 
school-learning up to his tenth year. Out of sohool-houvs 
ho learnt to climb the ruined walls of the old abbey of the 
town, and there was scarcely an areh, or tower, or cranny 
of it with whioh he did not become familiar. 

When in his tenth year, his father, who had been 
brought up to farm-work, and po.sFosscd considerable pruo- 
tical knowledge of agriculture, was offered the ohargo of 
a farm at Moy in Eoss-shiro, belonging to Lord Seaforth of 
Brahan Castle. The faim was of about 300 acres, situated 
on tho banks of the river Conan, some five miles from the 
town of Dingwall. The family travelled thither in a 
covered cart, a distance of 200 miles, through a very wild 
and hilly oountry, amving at tlieir destination at the end 
of October, 1790. The farm, when reached, was found 
oTorgrewn with whins and brashwood, and covered in 
many places with groat stones and rooks j it was, in short, 
as nearly in a state of nature as it was possible to bo. 
The house intended for the faiinei’s reception was not 
finished, and Andrew Pairbaim, with his wife and five 
children, hod to take tomporaiy refuge in a miserable 
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hovel, voty unlike iho comfortable lion, so wliicli they bad 
(juittod at Jiolso. By next apriiig, liowovor, the now 
houao was ready ; and Andrew rairbairn sot vigorously 
to work at the roohunatioii of the land. After .about two 
years’ labours it exhibited an altogether different appear- 
ance, and in place of wJiins and stones there were to 
bo soon heavy crops of barloy and turaips. The barren 
yotu’s of 1800 and 1801, however, pressed very hardly on 
Andrew Fairbairn as on every other farmer of arahlo land. 
About that timo, Andi'ow’s brothor Peter, who aotod as 
Boorotary to Lord Hoaforth, and through whoso influonco 
the I'orraor had obtained the farm, loft Brahau Castle for the 
West Indies with his Lordship, who — notwithstanding his 
being both doaf and dumb— liad boon appointed to the 
(iovernovship of Baibadoos ; and in oonseq,nonoo of various 
diifioultios which occurred shortly after his leaving, Andrew 
Fairbairn found it noocBsary to give up his holding, where- 
upon ho engaged as storvari to Mackenzie of Allongrango, 
with .whom he remained for two years. 

While the family lived at Moy, none of the hoys .woin 
put to school. They could not ho spared from tbo , farm 
and the household. Those of them that could not work 
afiold were wanted to help to nurse the yomigor ohildren 
at homo. But Andrew Fairbairn possessed a great treasure 
in his wife, who was a woman of much onorgy of charaotor, 
setting before her children an example of pationt industry, 
thrift, disoroolnosa, and pioiy, which oould not fail to oxor- 
ciso a powerful influonco upon them iir aftor-lifo ; and tliis, 
of itself, was an education which probably for more than 
compensated for the boys’ loss of sohool-oultnro during thoir 
life at Moy. • Mrs. Fairbairn span and niodo all the children’s 
clothes, as well as the hlankots and shooting j and, while 
in the Highlands, she not only made her oAvn and her 
daughters’ drosses, and her sons’ jackets and trawsors, hut 
her husband’s coats and waistcoats ; besides helping ,hor 
neighhonrs to out out thoir clothing for family wear. 

One of William’s duties ai homo was to nurse bis youngei 
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brother Poler, tlion a dcilicalo child 'under two year's old; 
and to relieve himself of the labour of cari'ying him about, 
ho began the construction of a, little •waggon in which to 
wheel him. .This was, however, a work of some diffi- 
culty, as all tho tools ho possessed wore only a knifo, a 
gimlet, and an old saw. With these implements, a piece 
of thin board, and a few nails, ho nevertheless oontiived 
to make a tolerably serviceable waggon-body. His chief 
diJlicul ty oonsistod in making tho wheels, which he con- 
trived to surmount by cutting sections fi'om the stem of a 
small aldor-tree, and witli a red-hot poker ho bored the 
requisite holes in their oenti'os to receive the axle. The 
waggon was then mounted on its four wheels, and to tho 
great joy of its maker was found to. answer its pmposo 
admirably. In it ho wheeled his little brother— aftorwai-ds 
well known as Sir I’otor Haarbairh, mayco- of Leeds— in 
varions direotions about the fai-m, and sometimes to a con- 
siderable distance from it ; aud the vehicle was regarded 
on the wliolo os a decided success. His father enoouragod 
him in his little feats of consti'uctiou of a similar kind, and 
ho proceeded to make and rig miniature boats, and ships, 
and then miniature wind and water mills, in which last art 
he acquired such experlness that he had sometimes five 
or six mills going at a time. The machinery was all 
made with a knife, tire waior-spouta being formed by tho 
bark of a tree, and the millstones represented by round 
disoB of tho same material. Snob wore the first ooustructive 
efforts of the future millwi'igbt aud engineer. 

When the family removed to Allengr-ange in 1801,tho.boy3 
were sent to school at Mulooby, abont a mile and a half 
distant from tho farm. Tho school was attended by about 
forty barefooted boys in tartan kilts, and about twenty gii’ls, 
all of the poorer class., The sohoolmaster was one, Donald 
Hrazer, a good teacher, but a severe disciplinarian. Under 
him, William made some progress ,in reading, -(vriting, and 
arithmetio; and though he himself has often lamented thp 
mt’agr'OHess of his eohool instruction, it is clear, from wh^ 
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ho has Binoo boon onablcil to aco.ompUali, ilial. thoBo early 
loBBons wore enough at all ovonlu to sot him fairly on the 
road of self-oullurc, and proved tlio fruitful seed of much 
valuable intellootual labour, aa well as of many excellent 
practical books. 

After two years’ trial of Ida now situation, which was by 
no means satisfactory, Andrew Faubairn dotoimined again 
to remove southward with his family ; and, selling offovery- 
tliiiig, tliey sot sail fi'om Cromarty for Leith in Juno, ISOJh 
Having soon his wife and children temporarily sottlcd at 
Kelso, ho looked out for a situation, and Khortly after pro- 
occdod to uudorUikc the luaiuigomont of Sir William 
Ingloby’s farm at Eiploy in Yorkshire. Meanwhile William 
was placed for throe months under the charge of his 
uncle William, the parish sohoolmastcr of Galashiels, for 
the purpose of receiving instruction in book-keeping and 
land-surveying, from whidi ho derived considerable benefit. 
Ho could not, however, remain longer at school j for being 
of die ago of fourteen, it was thought necessary tliat he 
should bo sot to work without further delay. His first em- 
ploy mont was on the fine now bridge at Kelso, then in 
course of oonstniotion after Uio designs of Mr. Konnio ; but 
iu helping ono day to caviy a handbarrow-load of stono, his 
strongtlr proving iusuflioiont, ho gave way under it, and the 
stones foil upon him, ono of them inllioliug a serious wound 
on his log, which kept him a oripplo for months. In tho 
moan timo his fathor, boing dissivtisliod widr his prospoots at 
Eiploy, accepted tho appointment of managor of tho Poroy 
Main Colliery Company’s faiin iu tho noighhourhood of 
Hewoostle on-Tyno, whither ho prooeodod with his family 
towards tho ond of 180J, William joining them iu tho 
following Eobruary, when tho wound in his log had suffici- 
ently hoalod to enable him to travel. 

Pei-oy Main is situated within two milos of North Sliiolcls, 
and is ono of the largest colliorios in that district. 'Wil- 
liam was immodiatoly set to work ot tho oolliory, his first 
•mp’oyment boing to lead coals from behind the soroon 
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to tlio pitmen’s lionses. His Scotoi accent, and perHapa 
bis awkwardness, exposed him to much annoyance from 
the “ pit lads," wbo were a very rough and profligate set ; 
and as boxing was a favourite pastime among them, our 
youth had to fight his way to their respeofc, passing tiirough 
a campaign of no leas than seventeen pitched battles. He 
was several times on the point of abandoning tho work 
altogether, rather than undeigo tho bnifotings and insults 
to which ho was almost a daily martyr, when a protracted 
contest with one of tho noted boxers of the collieiy, in 
which he proved the victor, at length relieved him from 
further porseoution. 

In tho following year, at the ago of sixteen, ho was arti- 
cled as an engineer for five yearn to tho owners of Foray 
Main, and was placed under the charge of Mr. Eobinson, 
tho engine- wiight of tho colliery. His wages os apprentice 
wore 8.^. a week; hut hy working over-hours, making 
wooden wodgos used in pit-work, and blocking out seg- 
ments of solid oak required for walling the sides of the 
mine, he considerably inci'eased his earnings, which en- 
abled him to add to the gross income of the family, wbo 
were still struggling with the difficulties of small means 
and increasing expenses. "When not engaged upon over- 
work in tho evenings, he oooupied himself in self-ednoa- 
tion. Ho drew up a sbheme of daily study with this ohjeot, 
to which ho endeavoured to adhere as closely as possible, — 
devoting the evenings of Mondays to monstiration and arith- 
inotio-; Tuesdays to history and poetry ; Wednesdays to re- 
croalnon, novels, and romances ; Thursdays to olgchm and 
mathematics ; Fridays to Eudid and faigonometry ; Satur- 
days to recreation; and Sundays to chm'oh, Milton, and 
recreation. He was enabled to extend the range of his 
reading by tho help of tho North Shields Subscription 
Library, to which his father entered him a suhsoiiber. 
Portions of his spare tune were also occasionally devoted 
to mechanioal oonstruolion, in which he oidtivated the 
useful aj’t of handling tools. One of his fii-st attempts was • 
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Iho ooutrivfinoo of a i)iooo of maoliiiioiy woi-hocl by a weight 
and ft pondulnm, that ahonld at the siuuo lime aorvo for a 
timopioco and an orrery ; but his want of moans, as well as 
of lime, prevented him proBccutiug this contiivanco to com- 
pletion. ITo was more BUceoBBful with the oonstrnolion of 
a liddlo, on which ho was ambilions to become a porfonnor. 
It must have boon a tolerable insirainont, for a jirofoBsioniil 
player oflbrcd him 20.«. for it. But tliongh ho sitcoeoded in 
making a fiddle, and for some lime porsovoreil in tlio at- 
tempt to play upon it, ho did not snoceod in producing any 
satiefaetory melody, and at length gave up the attempt, 
convinced tliat nature had not intended liiin for a mnsioion,* 
In due conreo of timo onr young onginoor Avas removed 
from the workshop, and appointed to take chargo of Iho 
pumps of Iho mlno and tho stoam-ongino by wliioh they 
wore kept in work. This employmoiit wiis moro to his 
taste, gave him hotter " insight," and afforded him great or 
opportunities for improvement. Tho work was, however, 
very trying, and at times sovore, ospeoially in winter, the 


* r.ong (iftor, wlmi innmcil nml 
ccltlcil nii Alimdiaslci', Iha liddle, wliicJi 
liail lioon rorofolly proBorvort, wus lakon 
down front tho ohoU' for ilto amneomrnt 
of Uicuhiklrcn ; but tliougb tlicy wore 
woll ononglt plcnscd with It, Iho liibtm- 
nioiib wns novel' brought front its plane 
wltliout crcaliiiif; nlarin iii the mliid of 
thttlr mother Icat imybody hlionld hear 
it. At Inngth'a dannini;-m(uiter, who 
wiia giving lesoDii in tho nolghboiii'- 
hood, boii'owotl tlio iiddlo, and, to the 
great rebef of tho fomlly, ilwai iiovoriv 
turned. Many joats later Mr. Pairbairn 
Iras preaent at tho starting of a ootton 
tiill at Wesscrling in Alsace belonging 
to Messrs. Gros, Doval, and Co., ibr 
which his Mnuchaater ilrm hod piv- 
Tldod Qie mill-work and wntei^-wheel 
(Uto first erected in Franco on the sus- 
Mnsion principlo), when tho event was 
ibUowed by an sntertaUimont. During 
dioser Mr. Falrbairn hsti been oxplaui' 


Ing to tr. Cro!!, wlio ajiolto a III tin 
hlngljah, Ibo iiiituro of iiuiiic-)irotvi.'il 
iK'cr, whioh Itu much adniircd, liaviiig 
lasted it wltMt in Eagloml. Tho dinner 
waa ibllnwcil by music, in tho porfoiTO- 
anern of whiih tho host liiniKoIF tonic 
wi’t; anil ou Mr. Fairbaini’a lulntiriug 
hh crrculinn on the violin, M. (irns 
n.slcnl him if ho played. “ A jlltlr," 
was tho almost ttuconscious reply. 
” Then you must have the goodness to 
play some," and tho insti'uniont waa 
in a momciit placed In hia hands, amidst 
nrgent rQqncsts from all shies that ho 
sho aid play. There was no alternative ; 
so he proceeded to poribrm oiio of his 
best tunes — " The Ksel Row,” Tito 
company listened with amaaoment, 
nutil tho performoi's career was sud- 
denly cut short by tho host exclalmhig 
at tho top of Ids voice, " Stop, stop, 
Monsionr, by gar that bo 
muaiai” 
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onginoer being liable to bo drenched with water every time 
that ho descended the shaft to i-egirlate the working of tho 
pumps ; but, thanks to a stout constitution, he bore through 
those exposures without injury, though olhers sank under 
thorn. At this period he had the advantage of occasional 
days of leisure, to which ho was entitled by reason of his 
nightworkj and during such leisure he usually applied 
himself to reading and study. 

It was about this time tlmt William Fairbaim made tho 
acquaintance of George Stephenson, while the latter was 
employed in working tho baUast.-engine at Willingtcav 
Quay. He greatly ' admired George os a workmanj and 
was aooustomod in the summer evenings to go over to 
the Quay oooasionally and take charge of Geoi'ge’s engine, 
to enable him to earn a few shillings extra by heaving 
ballast out of the collier vessels. Stephenson’s zeal in the 
pursuit of moebauioal knowledge probably was not rvithout 
its influence in stimulating William Fairbaim himself to 
oany on so diligently tho work of self-oulluro. But little 
could the latter have droomt, while serving his apprentice- 
ship at Percy Main, that his friend George Steirhenson, tho 
brakesman, should yet be recognised as among the greatest 
engineers of his age, and that he himself ^ould have the 
opportunity, in his capacity of President of the Institute of 
Mochauioal Engineers at l^ewoostle, of malting publio ao- 
kuowlodgment of tho opportunities for education which he 
had enjoyed in that noi^bourhood in his early years.’!’ 


• “ AUIiough not a nntiro of Kew- 
castlo,” he then said, “ he owed almost 
oTcrythlng to NewoasUo. IIo got tho 
rndiments of his cdncalion there, such 
ns it wee; end that was (eomething 
like that of his mered predecessor 
Ooorge Stephenson) nt a colliery. He 
was brought ns an engineer at the 
Paray Main Oollloiy. Ho vims there 
seven years; and if it had not been 
fbr the opprtnnitiea he then oiqoyed, 
together witii the use of Ois library nt 
North SliieMs.ho wiioved ho would not 


have been there to address tliem . Being 
self-taught, but with some little ambi- 
tion, and a determination to Improve 
himself, he was now enabled to stand 
be&re them with some pretcueions to 
meehniiioal Imowledge, and tlie porsun- 
siim tlmt ho had been a nseftil eon. 
tributor topveoticel science and'objeeb 
connected wlili medianicol engineei'. 
mg”— Meeting iftlu Tnslitute of 
ehaniottl ^ginetn ai Neiecustloon- 
Djite, I8fi8. 

« 2 
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Having finklied liia fivo years’ appronticosbip at Percy 
Main, by which time he hod raaohod his twenty-first yeai’, 
William Pairbairn shortly after dotonnincd to go forth 
into the world in sonroh of oxporicnco. At Newcastle ho 
found employment as a luillwi-ighl for a few weeks, during 
which ho worked at the erootion of a sawmill in the Close. 
Prom thonoo ho went to Bodlington at on advanced wage. 
I-Io remained there for six months, during which he was so 
furtuualo as to make the acq^naintanoo of Miss Mar, who 
fivo year's after, when his wanderings had ooasod, booaiuo 
his wife. On tlio oomplotion of the job on which ho had 
been employed, our engineer prepared to make anotlior 
ohango. Work was dillioult to ho had in the North, and, 
joined by a comrade, ho resolved to try his fortune in 
London. Adopting the ohoapest route, ho took passage hy 
a Shields collier, in which ho sailed for the Thames ou tho 
11th of IJooomhei', 1811. It was ihon wai'-time, and tho 
voasel was very short-handed, tho orow consisting only of 
Ihroo old men and throo hoys, with llio skipper and mate ; 
so that tho vessel was no sooner fairly at sea than both tlio 
passenger youths had to loud a hand in working her, and 
this continued for tho groator part of tho voyngo. Tho 
weather was very rough, and in. oonsoquonco of tho cap- 
t.aiu’a anxiety to avoid privaloors ho hugged the shore too 
close, and whoa navigating tho inside passage of tho Swin, 
between Yannouth and tlio Noro, tho vossol very narrowly 
OBoapod shipwreok. After boating about along shore, the 
captain half drunk tho gi'oator part of tho timo, tho vossol 
at last roauhed tho Thames witli loss of spars and an 
anohot, after a tedious voyage of fourteen days. 

Onamving off Blaokwall the captain wont ashore osten- 
sibly ill soaroh of the Coal Exchange, taking our young 
engineer with him, Tho foimer was still under tho inflU' 
enoo of drink ; and though he failed to I'oaoh the Exchange 
that night, ho .snoceeded in reaching a public house in 
Wapping, beyond which he oould not ho got. At ten 
o’olook the two started on their return to the ship; bnt 
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the captain took the opportunify of the darkness to sepa- 
rate from luB oompanion, and did not reach the ship until 
next morning. It afterwards came oat that he had been 
taken ap and lodged in the watch-hoase. The yoath, 
left alone in the streets of the strange city, felt himself in 
an awkward dilemma. He asked the next watchman he 
met to recommend him to a lodging, on which the man 
took him to a honse in New Qravel Lane, where he suc- 
ceeded in finding aooommodation. What was his horror 
next morning to learn that a whole family — the William- 
Bons — had heen murdered in the very next house daring 
tho night I Making the best of his way back to the ship, 
he found that bis comrade, who had suffered dreadfully 
from sea-siokness during tho voyage, had nearly recovered, 
and was able to aooompany him into the City in search of 
work. 

Wo proceed to quote his own words: “rinding our- 
solves in this unpleasant plight, we paid our passage, bado 
adiou to tho Mate, and enteicd the great City with about 
71. 15«. between as. This sum had to last us five weeks. 
The first week was employed in searching for work, and 
the other four weeks in waiting for the dooision of the 
Old Sooioty of Shipwrights as to our eligibility and fitness 
to be employed and become member’s of their Wtemity.” 

It may bo here mentioned, that there ware then tlnae 
millwi-i^it societies in London ; one called the Old Sooiety, 
another tho New Society, and the third tho Independent 
Sooiety. These societies were not founded for Ae pro- 
tection of tho trade, but for the maintenance of high wages, 
and for the exolusion of aU those who oonld not assort their 
claims to 'work in London and other corporate towns. Laws 
of a most arbitrary charaoter were enforced, and the societies 
were governed by cliques of self-appointed officers, who 
nover failed to take care of their own interests. 

To return to tho narrative: "We got employment from 
the late Mr. John Beanie, the oolebrated engineer. On 
applying to him, he enquired whore I had come from? I 
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tiaici, ‘I'roiii Nowoastlo.’ Hjs reply was, ‘Go to John 
Walker, and toll him to sot you to work ; but what the 
dovil made you Icavo Nowoasdo at this time of tho j’oar?’ 
I answoi’od, ' NcccaMil.y and there ended tho interview. 

“ Mr. Walker diroctod us to tho Soorotary of the Sooioty, 
i\fc. they had none hut Sooioty mo^ in the shop. On appli- 
oaiion lo the Soorotary, wo wore informed that our claims 
could not he investigatod until tho next monthly meoting, 
and we had thoreforo nearly four weeks Lo wait until tlio 
timo of trial arrived. During that time wo lived in ,a 
garret up four pairs of stairs in a court olf St. Martin’s- 
lano. Wo maiiufaotured two seven years’ indentures; and 
waited, with no small degree of tremor and, excitement, for 
the day on whioh wo woro to appear before the arbitrators 
of our future destinies in Tiondon. 

“ Before tho time amved, we found, to our mortification, 
iliat tho water-mark on tho stamped paper of tho now in- 
dentures wa-s Ihreo yoai-s later than the date of the indon- 
turoB tliomsolvoa, We had, Hiereforo, to set to work, and 
erase tho date, whioh no doubt awakened suspioioa in iho 
minds of tho Cnmmittoo when the indentures woro pro- 
Honted; and which ended, and that very properly, in our 
eniit'o disoomiitiire. 1 mention thoso things to show to 
what straits wo woro driven j and for years aftoiwords I 
heartily repented of this improper attomi)t at docoptiou. 
For al&ough the junta of workmen had no right to impose 
rostrietions upon our free laboiu’, yot I could never justify 
tho attempt wo made to enter tho Sooioty under false pro- 
tonoos. But, ho this as it may, when tho day of trial 
arrived wo woro at onoo deoloiud illogitimato, and sent 
adrift to seek our fortunes olsowhoro. And thus ended our 
first attempt at the groat metropolis.” 

Their first applioation for leave to work in London 
having thus disastrouely ended, tho two youths dotormined 
to ti'y their fortune in tho country, and with aching 
hearts they started next morning heforo daylight. Thoir 
hopes had been suddenly crushod, their slondor funis 
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were nearly oxliausted, and they scarce knew where to 
turn. But they set their faces bravely northward, and 
pu.shod along the high road, througli slush and snow, as 
far as Hertford, which they reached after nearly eight 
hours’ walking, on the moderate fare during their journey 
of a penny roll and a pint of ale each. Though wet to the 
skin, they immediately sought out a master millwright, 
and niiplied for work. Ho said ho had no job vacant at 
pro-oent ; but, seeing their sorry plight, ho had compassion 
upon them, and said, “ Thouglx I cannot give you etuploy- 
nient, yon seem to bo two nice lads and ho concluded 
by oilbiing Ifairbairn a half-crown. But his praud spiiit 
i-evolted at taking money which ho had not earned ; and 
he declined the proffered gift with thanks, saj'ing he was 
BoiTy they could not have work. Ho then turned away 
from the door, on which his companion, mortified by bis 
refusal to aooept the half-oi*own at a time when they were 
j'oducod almost to their last penny, broke out in bitter 
I’omonstrances and regrets. Weary, wet, and disheartened, 
the two turned into Hertfoi'd churchyard, and rested for a 
wliilo upon a tombstone, Hairbaim’s companion relieving 
himsolf by a good cry, and oooasionol angry outbursts of 
“Why didn’t you take the half-crown?” “Gome, come, 
man!” said Pnirhaini, "it's of no use crying; ohoerup; 
let’s try another road; something must soon oast up.” 
They rose and set out again, but when they reached the 
bridge, the dispirited youth again broke down ; and, leaning 
Iris back against the parapet, said, “ I winna gang a bit 
fuvthor; let’s got back to London.” Against this Pair- 
bairn remonstrated, saying, “ It’s of no use lamenting ; wo 
must try what wo can do hei’o ; if the worst comes to the 
worst, we can ’list; you are a strong chap— they’ll soon 
tako you; and as for me, I’ll join too; I think I oould 
fight a bit.” After this council of war, the pair deter- 
mined to find lodgings in the town for the night, and 
begin their searob for work anew on the morrow. 

Next day wbon passing along one of the back streets of 
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Hertford, lliey came to a wheelwiight’s shop, whore they 
mwlo the riBual enquiries. The wheelwright said that ho 
did not think there wa.s any joh to he had iu the town ; but 
if the two young men pushed on to Oheshunt, ho thought 
they might find work at a windmill which was under 
oontraot to bo finished in three weeks, and whore tlio mill- 
wright wanted hands. Hero was a glimpse of hope at 
last ; and the strength and spirits of both revived in on 
instant. Thoy sot out immediately; walked the seven 
jnilus to Cheshnnt; suoooedod in obtaining tlio expected 
employment ; worked at the job a fortnight ; and entered 
I'joiidon again with nearly three pounds in their pockets. 

Our young millwright at length succeeded in obtaining 
rogirlar employment in the motrqmlis at good wages. He 
worked first at Grundy’s Patent Eopeiy at Shadwoll, and 
afterwards at Mr. Penn’s of Green wioh, gaining mnoh 
valuable insight, and scdulonsly improving his mind by 
study in his leisure hours. Among the acquaintances he 
there made was an enthusiastio projector of the name of 
Hall, who had rukon out one patent for making hemp from 
Imau-Btalks, and oontoraplatod taking out another for offcot- 
ing spado tillage by steam. The young engineer wa.s 
invited to make the requisite model, which ho did, end it 
cost him both time and money, which the out-at-olbows 
projector was unable to repay; and all that came of the 
lirojoct was the exhibition of flio model at the Society of 
Arts and before the Board of Agrioulturo, in whoso aolloo- 
tion it is probably stiE to be found. Another more sno- 
oossful machine, construotod by Mr. Puirbairn about the 
siiiae time, was a sausage-ohoj)ping machine, whioli ho 
contrived and mode for a pork butcher for 33Z. It was the 
first ordev he had ever had on his own acoount; and, as 
the machine when made did its work admirably, ho was 
naturally very proud of it. The machine was provided 
with a fly-wheel and double crank, with ooimcoting rods 
which worked a cross head. It oontained a doson knives 
erubsing each other at right angles iu sudli a way as to 
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enable them to minoe or divide the meat on a revolving 
block. Another part of the apparatus accomplished tlie 
filling of the sausages in a very expert manner, to the 
entire satisfaction of the pork-butoher. 

As work vras scarce in London at the time, and our 
engineer was bent on gathering further exporieuco in bis 
trade, he determined to make a totu* in the South of 
England and South Wales ; and set out linm London in 
April 1813 with ll. in his pocket. After visiting Bath 
and Frome, he settled to work for six weeks at Bathgate ; 
after which he travelled by Bradford and IVowbridge — 
always on foot — to Bristol. From thence ho traveled 
through South Wales, spending a few days each at New- 
port, Llandaff, and Oardiff, whore he took ship for Dublin. 
By the time he reached Ireland his means were all but 
exhausted, only three-haltpence remaining in his pocket ; 
but, being young, hopeful, skilful, and industrious, he was 
light of heart, and looked cheerfully forward. The next 
day he succeeded in finding employment at Mr. Eobin- 
bou’b, of the Phoenix Foundry, where ho was put to work 
at onou upon a set of patterns for some nail-maohiueiy. 
Mr. Bobinson was a man of spirit and enterprise, and, 
seeing the quantities of English machine-made nails 
imported into Ireland, he was desirous of giving Irish 
industi’y the benefit of the manufacture. The construction 
of the nail-making machinery occupied Mr. Faii'bairn the 
oniiro summer; and on its oompletioD he set sail in the 
month of October for Liverpool. It may he added, that, 
notwithstanding the expense inounud by Mr. Eohinson in 
sotting up the new nail-machinery, his workmen threatened 
him with a strike if he ventured to use it. As he could 
not brave the opposition of tbo Unionists, then all-powerful 
in Dublin, the machinery was never sot to work; the nail- 
making trade left Ireland, never to return ; and the Irish 
market was thenceforward supplied entirely with Euglish- 
made nails. The Dublin iron-manufacture was mined in 
the same way ; not through any local disadvantages, hut 
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solely by tbo prohibitory regulations onforood b}* the 
■workmen of tlio Trades’ Unions. 

Airivod at Li-verpool, aftca.- a voyago of two days — ^wliieh 
was then considered a fair passage — our onginoor pio- 
cooded to Mnnohester, whioli had already beconio tho prin- 
cipal centi’e of manufacturing operations in the North of 
England. As we have alinady scon in tho niomoirs of 
Nasmyth, lioberts, and Whitworth, Manchostor offered 
groat attractions for highly-skilled moohanios ; and it was 
as fortunate for Manohestor as for William Eairhairn 
himself that he settled down there as a working mill- 
wright in the year 1814, bringing with him no oapital, 
but ail abundance of energy, skill, and practical oxporionco 
in his trade. Afterwards describing the oharaotoristics of 
tho millwright of that time, Mr. Eairbaim said— “ In those 
days a good millwright was a man of largo resouroos ; ho 
was generally well-eduoalod, and could draw out his own 
designs and work at tho lathe j lio had a knowledge of 
mill maohinory, pumps, and oroncs, and could turn his 
liiiiid to tho honoh or the forgo with equal adroitness and 
facility. If hard prosHod, tie was frequojitJy tho case in 
country places far from towns, ho could doviso for himself 
expedients which enabled him to meet special require- 
ments, and to complete his work witho-ut assistanoo. This 
was the class of mon witdi whom I associated in early 
life — proud of thoir calling, fertile in rosourcoB, and aware 
of thoir value in a country where tho industrial arts wore 
jupidly developing."* 

When William Ealrhaira entered Manchester ho was 
twenty-four j'oars of age } and his hat still “ oovorod his 
family.” But, being now pretty well satiated with his 
" wanderschaft,” — as Geman tradeanion term their stage 
of travelling in search of -bade oxporionoo, — ^he desired to 
Hoftlo, and, if fortune favoured him, to marry tho object of 
his affeotions, to whom his heart still faithfully turned 


Iieetui* #l Petty.— OsB/at Inforimtknfoi' Stvjincera, 2uil serloH, 
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during all liis wantleringH. He succeeded in finding em- 
ployment with Mr. Adam Parkinson, remaining with him 
for two years, working as a millwright, at good wages. 
Out of his oamings ho saved suffioient to furnish a two- 
roomed cottage oomfortahly; and there wo find him fairly 
installed with his wife by the end of 1816. As in the 
ease of most men of a thoughtful turn, maniago served not 
only to settle our engineer, hut to stimulate him to more 
ouorgotio aoUon. Ho now began to aim at thkiug a higher 
position, and ontortained the ambition of beginning busi- 
noss on his own aoooimt. One of his first efforts in this 
dirootiou was the preparation of the design of a cast-iron 
bridge over the Irwoll, at Blaokfriars, for which a prize 
was offered. The attempt was unsnccessfnl, and a stone 
Lridgo was eventually dooided on ; but tho effort made 
was croditablo, and proved tho beginning of many designs. 
The first job ho oxoontad on his own account was the 
erection of an iron conservatory and hothoueo for Mr. J. 
llulmo, of Olay ton, near Manchester; and he induced om 
of liis shopmatos, James Lillie, to join him in tho under- 
taking. This proved the beginning bf a business connec- 
tion which lasted for a period of fifteen years, and laid the 
foundation of a partnership, tho reputation of which, in 
conneotion with mill-work and the construction of iron 
iiutohinory generally, eventually became known all over 
tho civilized world. 

Although tho patterns for the conservatory were all 
mado, and tho eastings wore begun, the work was not pro- 
ooodod with, in c(msoq[uenco of the notice given by a Bir- 
mingham firm that the plan after which it was proposed 
to construot it was an infringomont of their patent. The 
young firm wore oonsoquontly under the neoossity of look- 
ing about thorn for otiior employment. And to ho pre- 
pared for executing orders, they proceeded in the year 
1817 to hire a small shod at a rent of 1 2s. a week, in which 
they sot np a lathe of their own making, capable of turn- 
ing Hbafta of from 8 1o 6 inohos diameter; and they hired a 
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strong Ii'iahiaan to driTo the wheel and assist at the heavy 
work. Their first job was the erootion of a onllondor, and 
their next a colioo-polishiug machine ; bnt ordors oamo in 
slowly, and James Lillie began to deBi)air of snoooas. His 
more hopeful partner strenuously urged him to perso- 
vci-anoo, and so buoyed him up with ho])os of orders, that 
ho dotormiued to go on a little longer. They tlion issued 
cards among the inanufaoturcju, and made a tour of the 
principal firms, oftm'ing their eorvioos and solioiting work. 
Amongst others, Mr. rairbairn called upon thu Messrs. 
Adam and George Murray, the large cotton-spinners, taking 
with him the designs of his iron bridge. Mr. George 
Murray received him kindly, heard his explanations, and 
invited him to oall on the following day with his partner. 
The manufaoturor must have boon favourably improesod 
by this interview, for noxt day, when Fairbaim and Lillio 
callod, ho took them over his mill, and asked whotUor they 
felt themaolves oompotont to renew with horiaontal cross- 
shafts the whole of the work by which the mulo-spinning 
jtiaoliinoiy was turned. Tliia was a fomidablo enterprise 
for a young firm without capital and almost without plant 
to undertake j but they had confidonoo in thomsolvos, and 
boldly replied that they were willing and able to oxoculo 
tho work. On this, Mr. Murray said he would call and see 
them at their own workshop, to satisfy himself that they 
possessed the means of undertaking such an order. This 
proposal was by no moans onoonraging to tho partners, 
who foared that when Mr. Murray spied the " nakedness of 
the land” in that quarter, he might r<qeent him of his 
generous iutentionB. He paid his promised visit, and it is 
probable that he was more favourably impressod by tho 
individual merits of tho partners than by the excellence of 
thoir maohino-tools — of which they had only one, tho lathe 
which they had just made and set up; novortholoss he 
gave them the order, and they began with glad hoarts and 
willing hands and minds to execute this their first cuutract. 
It may he sufficient to state that by worldng late and 
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early — from 5 in the morning until 9 at night for a con- 
tri Jorahle period — they aucoeeded in oompleting tho altera- 
tions within the time speoiiied, and to Mr. Murray’s entire 
satisfaction. The practical skill of the young men being 
thus proved, and their anxiety to execute tho work en- 
trusted to thorn to the best of their ability having excited 
tho admiration of their employer, he took the opportunity 
of recommending them to his friends in tho trade, and 
amongst others to Mr. John Kennedy, of the firm of 
MaoOonnel and Kennedy, then the largest spinners in the 
kingdom. 

Tho Ootton Trade had by this time sprung into great im- 
portance, and was increasing with extraordinary rapidity. 
Population and wealth were pouring into South Lanca- 
shiro, and industry and enterprise were everywhere on foot. 
The foundations were being laid of a system of manu- 
facturing in iron, maoUinerj% and textile fabrics of nearly 
all kinds, the like of which has perhaps never been mw- 
pivSKod in any oouutry. It was a race of industiy, in which 
tlio prizes wore won hy the swift, the strong, and the 
skilled. For tho most part, tho early Lancashire manu- 
facturers started vciy nearly equal in point of worldly 
oirourastoncos, men originally of tho smallest means often 
oomiiig to the front — workmen, weavers, moohanios, pedlers, 
farmers, or labourers — in course of time rearing immense 
manufaoturing ooncovna hy sheer force of industry, onergj', 
and personal ability. The description given hy one of 
tho lai'gost employers in Lanoashiro, of tho capital with 
which ho started, might apply to many of them : " When I 
married,” said he, "my wife hod a spinning-whool, and 
I had a loom— that was tho beginning of our fortune.” 
As an illustration of the rapid rise of Manohestor men from 
small beginnings, tho following ontlino of Joiin Kennedy’s 
ouveor, intimately connected os be was wiii the subject of 
our memoir — ^moy not be without interest in this place. 

John Kennedy was one of five young men of nearly 
the pomn age, who came from the same neighbourhood ia 
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Scotlaml, ami ovoiitually Bottled in jranohoater as ootton- 
spinnerB about the end of last century. TLo others wore 
liis brother Jainoa, his partner James MacOounol, and 
the brotliers Murray, above referred to — ^Mr. Fairbairn’s 
first extensivo oiuployors. John Kennedy’s parents woro 
very worthy persons, possessed of a small lairdship at 
Kuooknalling, in tho stowartry of ICirkoudbrightjOn whioh 
they contrived to live, and that was all. .Tohn was ono 
of a family of live sons and two daughters, and tho father 
dying eaidy, tho rosponsibility and tho toil of bringiTig 
up these ohildron devolved upon tho mother. She was 
a strict disciplinarian, and early iiuprossod upon the minds 
of her boys that tlrey had thoir own way to make in tho 
world. Ono of tho first thinga she made them think ahoiit 
was, the learning of some usofiil trade for the purpose of 
soouring an indopoudont livirrg ; “ for,” said sho, “ if you 
bavo gotten nreohanioal skill and iutelligonco, luid are 
honest and tnistworthy, yon will always find employment 
and ho ready to avail yomuolvos of opportunities for tid- 
vanoiiig yoarsolvos in life.” Though tho mother closirod 
to give her sons tho benefits of school education, thoro was 
but little of that commodity to ho had in tho remoto 
distriot of Knooknolling. Tho pai'ish-sohool was six miles 
distant, and tho teaching given in it was of a vory inforior 
sort — usually administorocl by Btudonts, probationors for 
tho ministry, or by half-fiwlgcd dominies, themsolvos more 
nooding instinotion than able to impart it. Tho Konnodys 
could only attend tho school during a few months in 
summor-timo, so that what they hod acijuired hy tho end 
of one season was often forgotten by tlio beginning of tiro 
noxt. They learnt, however, to road the 'I’estament, say 
their oatodhism, and write tlioir own names. 

As the children grew up, they each longed for tho time 
to oomo when they could he put to a trade. The family 
were poorly olad ; Btookings and shoos wove luxuries rarely 
indulged in ; aird Mr. Kennedy used in after-lifo to toll his 
grandohildron of a certain Sunday which ho romouihorod 
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fllioi'tly after his father died, when he was sotting out for 
Dairy ohuroh, and had borrowed his brother Alexaudor’s 
stockings, his brother ran after him and cried, “ See that 
yon keep out of the dirt, for mind you have got my 
stockings on !” John indulged in many daj'-dreams about 
The world that lay beyond the valley and the mountainii 
which surrounded the place of his birth. Though a more 
boy, the natirral objeols, oteinally unchangeable, which 
daily mot his eyes — the profound silence of the scene, 
broken only by the bleating of a solitary sheep, or the 
orawingof a distant cook, or the thrasher beating ont with 
his flail the scanty grain of the block oats spread upon a 
skin in the open air, or the streamlets loajjing from the 
rooky clefts, or the distant ehnrch-heJl sonnding up the 
valley on Sundays — all bred in his mind a profound 
nioluncholy and feeling of loneliness, nnd he used to think 
to himself, “ What oan I do to see and know something 
of the world beyond this?” The greatest pleasure he 
oxporionood during that period was when packmen came 
round with their stores of olothing and hardware, and dis- 
phiyod them for sale; ho eagerly listened to all that such 
visitors had to tell of the ongoings of the world beyond 
the valley. 

Tbo people of the Knooknalling district were very poor. 
Tho greater part of them wore unable to support tbe 
younger mombors, whoso custom it was to movo off olse- 
whoro in soaroh of a living whon they arrived at working 
years, — some to Amorioa, some to tbe West Indies, and 
some to tho manufacturing districts of the south. Whole 
families look then.' dopoi’turo in this way, and the few 
friendships which Kennedy formed amongst those of his 
own ago were thus suddenly snapped, and only a great 
blank remained. But bo too oould follow their example, 
and enter upon that wider world in whiob so many others 
had ventured and sucoeoded. As early as eight years of 
age. his mother still impressing upon her boys tbo necessity 
of learning to work, John givAerod courage to say to her 
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that ho 'Wished to leave home and approntico himself to 
somo liandicraft hnalne-ss. Having seen sumo oarpenlors 
working in the neighbourhood, with good clothes on Ihoir 
hacks, and hearing iho inon’s ohnraoters woU spoken of, he 
thought it would ho a fine thing to bo a oarpontor too, 
particularly as the oooupation would enahlo him to inovo 
from place to place and see tho world. Ho was as yo|., 
however, of too tender an ago to sot out on tho journey 
of life; hut when ho was about olovon years old, Adam 
Murray, ono of his most intimate (loqnaintnnocs, having 
gone elf to servo an apprenticeship in Lancasluro witli 
Mr. Oaiman of Ohowhont, hiursolf a native of tho district, 
tho event again awakouod in him a strong dosiro to mi- 
grate from Knooknalling. OUiors had gone after Mm-ray, 
James MaoConnol and two or three more ; and at length, 
at about fourteen years of ago, Kennedy himself loft his 
native homo for Lancashire. 

About the time that ho sot exit, Paul Jones was ravaging 
tho coasts of Galloway, and i^roducing general oonsloniii- 
tion throughout the district. Groat cxoitoineut also pre- 
vailed tlu'ough tho ooourrenco of the Gordon riots in 
Loudon, which oxlendod into TOinoto country places ; and 
Kennedy romeniborod being nearly frightened onfc of his 
wits on ono oocasion by a poor doniinio whoso school he 
attended, who proaohod to his boys about tho homrs that 
wore coming upon tho land through tho inlroduotioix of 
Popery. The hoy set out for England on tlio 2nd of 
Pebruary, 1784, mountod upon a Galloway, his little paek- 
ugo of clothes and neoessaxies strapped behind him. As 
he passed along the glen, recognising each familiar sput. 
Ills heart was in his mouth, and ho dared suarooly trust 
himself to loot hack, Tho ground -was oovorod with snow, 
and nature quite frozen up. Ho had tho company of his 
hrothor Alexander as far as tho town of Now Galloway, 
whore he slept the first night. The next day, ncoompaiiiod 
by one of his future masters, Mr. James Smith, a purtnoi 
of Mr. Oanuan’s, who had originally entered his eeivico as 
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a woi’kman, tLoy stai tod on ponyLack for Dumfries. After 
a lung day’s ride, they entered tlio town in the evening, 
and amongst tlio things ■which, excited the boy’s surprise 
woio the few stvoet-lamps of the to-wii, and a waggon with 
four horses and four wheels. In his remote valley carts 
were as yet unknown, and even in Dmnftioa itself they 
were comparative rarities ; the common means of transport 
in the district being what were called “ Iniubling cars. ’ 
The day after, they reached Longtown, and slept there; 
the boy noting another lamp. The next stage was to Car- 
lisle, whoro Mr. Smith, whose firm had 8iij)plied a carding 
engine and Bpinning-jenuy to a small manufuotnrer in the 
town, wont to “gate” and trim them, Ono was pnt np 
in a small house, the othor in a small room ; and the sight 
of those machines was John Kennedy’s first introduotion 
to cotton-spinning. While going up the inn-stairs ho was 
amazed and not a little alarmed at seeing two men in 
armour-— ho had hoard of the battles boUveon the Scots 
and Mnglish — and holieved these to ho Eome of the fighting 
men j though they proved to be but uIBgios. Five inoro 
days woro oooupiod in travelling sontbward, the resting- 
p]noo.H being at Penrith, Kendal, Preston, and Ohorloy, the 
two travollora arriving at Ohowbent on Sunday the 8th of 
February, 1784. Mr. Oanimn seems to have collooted about 
him a little colony of Sootsinon, mostly from tbe samo 
uoigbbonrhood, and iu Ihe evening there was quite an 
assembly of thorn at tho “Bear’s Paw,” whoro Kennedy ptit 
up, to lioar tho tidings from thoir native county brought 
by tho last now comer. On tho following morning the 
boy began his npprouticoship us a carpenter with tho firm 
of Cannon and Smith, serving seven years for his meat anil 
oluihiug. Ifo applied himself to his trade, and bcoamc 
a good, steady worlcman. Ho was thoughtful and self- 
improving, always ondoavouring to acquire kuowlodgo of 
now arts and to obtain insight into now maobinos. “ Bvou 
in curly life,” said ho, in the account of his career ail- 
droBsod to his childr-on, "I felt a strong desire to know 

7 
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wliat ollvovs know, and was always ready lo coinmnnioato 
what little I knew inyBolf; and liy udmitting at once niy 
want of education, I found that I often made friondH of 
tlioso on whom I hud no claims hoyoiul what uu ardent 
desire for knowloclgo could give rao.” 

His approntioeship over, John Kennedy commoueod 
business * ** in a small way in Manelwistor in 17!)1, in con- 
junction with two other workuion, Sandlbrd and MacOonnol. 
Thoir business was maoliiuo-niaking and niulo-spinning, 
Kennedy taking the direction of tho inoohino doparliuont. 
The firm at first put ux» thoir mules lor spinning in any 
convoniout garrets they could hire at a low rental. After 
some time, they took part of a small factory in Canal Street, 
and ourriod on tlioir husiucss on a lax’gor scale. Komicdy 
and MaoCouuel afterwards occupied a littlo factory in the 
same siroot,— since romoved to give i>lao6 to Knirbairn’s 
large maohiuo works. The progress of tho firm was steady 
and oven rapid, and they went on building mills and 
uxtending thoir business — Mr. Kennedy, as ho advauotd 
in life, gathering liononr, wealth, and troops of frionds. 
Notwitlistanding tho defects of his early education, ho 
was one of the few men of his olass who bucamo dis- 
tinguished for hiH literary labours in oonnoxion principally 
with tho oottoii trade. Towaids tho closo of his life, ho 
prepared sovoral papers of groat intoi'ost for tho Li I, ovary 
and Philosophical Society of Manohosl or, which aro to ho 
found printed in thoir Proocodings ; one of ihoso, on tlio 
Invention of tho Mulo by Samuol Crompton, was for u 

* One of tho vwisons wliich induoml n loml voice, ‘'sold tho oiKhtye fur 

Kennedy tluu cnrly to begin the Irnsi- aidji n guinea a poiiiicl 1 I never hoaril 
ness of nmle-eplnnfng haB been related of snob a thing,’’ 't’lio apjiwnlinu 
as foUowB, While employed ns ap- could not help overhenring the remark, 
lirenticc at Chowbent, lie happoncil to niul it set him n-tliinUliig. Ho knew 
sleep over the master's apartment; the pi lee of cottou nnd tho pn'eo of 
and late ono evening, on the latter Inlmur, nnd concluded there must be n 
returning fi’om market, his wire asked very largo luaigiu of profit. .Sosooii 
his snecess, ” I’ve sold tho cigktys," ns ho wos out of his time, therefore, 
said he, “at a gninen a pound,” he determined that ho should become 
” What,” exclaimed the mistress, iu n cotton spinner. 
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long tiiuo tho only record which the puhlio possessed of 
the merits and claims of that distinguished inventor. His 
knowledge of the history of the cotton manufacture in its 
various stages, and of meohanioal inventions generally, was 
most extensive and accurate. Among his friends he num- 
bered James Watt, who placed his sou in his establishment 
for the purpose of acquiring knowledge and experience 
of his profession. At a much later period ho numbered 
Georgo Stephenson among his friends, having been one 
of tho fir’st dirootors of the Liverpool and Manchester 
Hoilway, and one of the three judges (selected because of 
his sound judgment and proved impartiality, as well as his 
knowledge of mechanical onginooi-ing) to adjudicate on 
tho oelchratod oompotition of locomotives at Eainhill, Hy 
those successive steps did tho self-helping youth become 
one of tho loading men of Manohestcr, closing his long and 
usoftil life in 18.05 at an advanced age, his mental faculties 
roinaiiiing olour and unclouded to the last. His doparturo 
from life was liajipy and tranquil — so easy that it was for 
a time doubtful whether ho was dead or odeep. 

To return to Mr. Hairbaim’s ooraor, and his progress as 
a millwright and engineer in Mnnohester. When he and 
his partner undertook the extensive alterations in Mr. 
Murray’s factory, both wore in a giuat measure unac- 
quainted with tho working of cotton-mills, having until 
Ihon boon ocoiipicd principally with oorn-mills, and print- 
ing and bleaching works; so that an oijjtirely new field 
was now oponod to thoir united exertions. Sedulously 
iniproving their opportunities, the young partners not 
only thoroughly mastorod tho practical details of oottou- 
mill work, but they woro very shortly enabled to introduce 
a series of improvements of the groatost importance in 
this branch of our national manufacturos. Bringing their 
vigorous praolioal miuds to boor on tho subject, they at 
tmoo saw that tho gearing of even tho heat mills was ol 
a very clumsy and imperfooi character. They found the 
machinery driven by largo square oast-iron shafts, on which 
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hngo woollen drums, some of tLom ns much as four foot 
in diainotor, rovolvotl at tlio rafo of about forty revolu- 
tions a luiiiuto; and tko conpUngs woro so badly fitted 
that tlioy might bo hoard croaking and groaning a long 
way off. Tho speods of tho dviving-shafta woro mostly 
got up by a sorios of straps and comitor druiuH, which 
not only crowded tho rooms, but soviously obsiruclod tho 
light whoro most required for oiuidnoting tho dolioalo 
operations of tho dilToi'Oiit mnohinos. Another sorious 
defect lay in tho construction of tlio shafls, and iu tho 
mode of fixing tho conplings, which woro constantly 
giving way, so that a wook soldoru passed without ono 
or inoro breaks-dowii. Tlio roiiairs wei-o usually miulo 
on yuudays, which were tho inillwrights’ hardest work- 
ing days, to their own sovioua moral dolrimont ; but 
when trade was good, ovory consideration was made to 
givo way to tho uninterrupted running of tho mills during 
tho rost of tho week. 

It occurred to Mr. Fairbaim that tho dofoctivo arratvgo- 
monts thus briefly dosoribed, might bo romodiod by the 
iiitroduotion of lighter shafts driven at donldo or ti'oblo 
tho velocity, smaller drmus to drive tlio maohinory, and 
tho uso of wi'onght-iron whorovor practioubic, bccauso of 
its groator lightnoss and stroiigth comparod with oast iron 
and wood. Ho also simplified the hangers and fixings by 
which tho shafting was supported, and iutroduuoil the 
“half-lap coupling” so woU known to mUlwriglits and 
ongiuoors. His partner entered fully into his views; and 
tho opportunity shorlly presonted itself of carrying Ihom 
into otfcct in tlio large now mill orootod in IfllS, for tho 
firm of MaoOonnol and Koimody. Tho inauhiuory of that 
concorn proved a great improvoniout on all that had pro- 
oedodit; and, to Mossra. Fairbaim and Ijillio’s now system 
of gearing Mr, Kennedy added an original invention of his 
own in a system of double speeds, with tho object of giving 
an ima’cased quautily of twist in tho finer desciipUons oi 
mule yam. 
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“Tho servicos wbioli we had rendered,” says Mr. I’air- 
baira in tlio Memoir wbicb he supplied to tlie author iu 
18G3, “and tho improvomonis which we had introduced, 
caused us to ho much, talked of as good millwrights and 
ingenious young men. Our business increased amazingly, 
and a large cellar under a fiotory was added to tho shop. 

I was designer, draughtsman, and bookkeeper ; and in order 
to moot all tho requirements of tlio concern, and keep Mr. 
.Tnllio's dopartniout, which was in the shop, ooustautly 
going, I had to rise witli tho sun in summer, and some 
hours before it in winter, in order to make tho ontoios and 
post tho books before breakfast. I’or the remainder of the 
day, I had either lo draw out the work, or to ride some 
fiftoon or twonty miles on a hired haok io confer with mill- 
owners, tako dimonsions, and arrange the 2 dans in which 
projroeed works woro to bo oxeentod. This wonld often 
occupy a whole day, and what with the early rising, 
suiwoys of watorouursea and mills, and a long rough ride, 
I was usually ready enough for my bod at night. . . . 
Four or iivo years passed in this manner; and though w^o 
woro always short of raonoy, and Imd to work from hand 
to mouth, wo wore notwithstanding in a prosperous way 
of business. Our tools wmo increasing iu number; new 
patterns woi'o made; and, at tho end of five yeans, we 
found oursolvos (in valao of materials, stock, and tools) 
worth about 60001." 

Tho satisfactory oxcoution of Mr. Kennedy’s work at 
onco placed iho firm of Fairbairn and Lillie in the very 
front rank of onginocring millwrights, Mr. Kennedy’s 
good word was of itself a i)assport to fame and business, 
and as ho was more than satisfied with the manner in 
whioli his mill lunohiiiory had boon planned and e xoouted, 
ho sounded their praises in all quarters. Orders poured 
in upon them so rapidly, that Ihoyhad dilBonltyin keeping 
pace with tiio demands of the trade. They then TOmoved 
from thoir original shod to larger premises in Mathei- 
stroet, wliero they erected additional lathes and other tool 
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inucliiiiOM, and evontnally a steam-oiiffiiio. They af i orwiivda 
added u lingo collar under aii udjoining fnclery to thoir 
promisoB ; and from tinio to limo provided now moans of 
tuiniiig out work wilh incroiisod cflioionoy and do.s])iilcli. 
In duo courso of iiino tlio linn orootod a fantory of thoir 
own, fitted with tho moat, improved maehinory for turn- 
ing out niillwork; and fchoy went on fi'oin oim oontract 
to another, until thoir reputation aa ('nginoova hecaiue 
widoly oolobratod. In 182(5-7, they auppUed tho water- 
whoola for the oxtonaivo coUou-iuilla hohmging to Kirk- 
man Finlay and Ooiupany, at Catrine Hunk in Ayrahiro. 
'riieao wheola uro ovon at this day I'pgavdod art among 
tho mortt jioi'fuot hj’dra.ulio nuiohinoH in Kuro]ie. Aliout 
tho Hunio (inie they Huppliod tho mill gearing and wiilor- 
uuiohinory for Mossrs. Efiohor and (Jompuny’rt largo worlcM 
at Zurioh, among the largest ootton manufactories on tho 
eontinont. 

In tho moan whilo tho induHiry ol Manohoslor and tho 
noighbourhood, thiungh which tho linn had rirton and ))rOM- 
porod, was not noglooted, hut had tho full hoiii'lit of tho 
various improvomenis which thoy wora inlrudtieiug in mill 
maehinory. In tho oourso of a fow yoars an entire rovolu- 
tion Was offootod iu tho gearing, roudormw niasKO.s of 
timber and oast-iron, wi(li thoir onormous hearings and 
couplings, gave place to slondor I’ocls of wrouglit-iron and 
light ii'amos or hooks hy wliioh they wore siirtpcndud. In 
like manner, lighter yol stronger whools and pulleys wore 
introduood, tho whole arrangeiuonts wore improvod, and, 
the workmanship buiug gi’oatly moro aoourato, frioticn was 
avoided, whilo tho speed was incroasod from about 40 to 
upwards of 300 revolutions a raiimto. Tho fly-wheel of 
the engine was also couvortod into a first motion hy tho 
formation of tooth on its periphery, by which a considor- 
ahlo saving was offeotod both iu cost and power. 

These great improvements formed, quite an ora iu tho 
history of mill machinery; and oxoroisod tho most ini- 
portant influence 3U the development of the cotton, flax. 



CiiAi'. XVI. nis IMl’EOVBMENTS IN VATEtt-IVIIEELS. 327 


silk, and otlior 'branches of manufacture. Mr. ¥airbairu 
says the system introduced by his firm was at first strongly 
condomuod by leading engineers, and it was with difficulty 
that he oould overcome the force of their opposition; nor 
was it until a wheel of thirty Ions weight for a pair of 
ongiues of 100-horse power each was creeled and set to 
work, that their prognostications of failure entirely ceased. 
From that time the pilnoiplos introduced byMr. Fairbairn 
liavo boon adopted wherever steam is employed as a motive 
power in mills. 

Mr, Fairbairn and his partner had a hard uphill battle 
to fight while those improvements were being inlrodnced ; 
but enoi'gy and persevoranoe, guided by sound judgment, 
Boourod their usual reward, and the firm became known as 
one nf the most thriving and enterprising in Manclioster. 
fjong years after, when addressing an assembly of working 
moil, Mr. Fairbairn, while urging the necessity of labour 
and application as tho only sure means of self-improve- 
ment, said, “ I can toll you from experionoo, that there is 
no labour so swoot, none so consolatory, as that which is 
foimdod upon an honest, straightforward, and hononrahle 
ambition.” The history of any prosporons hnsiness, how- 
ovoi’, so closely rosomblos every other, and its details are 
usually of so monotonous a character, that it is unnecessary 
for us to pursue this part of the subject; and we will 
content onrsolvoB with briefly indicating tho several furthoi 
improvements introduced hy Mr, Fairbairn in the me- 
chanics of construction in the oourse of his long and useful 
oaroer. 

His improvomonts in wator-wheols were of groat value, 
espooially as regarded tho now form of bucket which ho 
introduced with tho ohjoot of facilitating the escape of 
tho air as tho water ontored the bucket above, and its 
roiidmission as the wator emptied itself out below. This 
arrungomont enabled tho water to act upon the wheel 
with tho maximum of effect in all states of the river; 
and it so generally Tooommondod itself, that it very soon 
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bccamo adopLctT in moat watoiMnills both ak homo an A 
ahimd.^ 

Hia labours wore not, however, confined to his own pai- 
ticnlai* calling as a mill ougincor, but. wwo Blun tly directed 
to othor c(j[tuilly important brnnohoH of tho coiislruotivo 
ai-t. Tims ho was «u)iong tho Ihwt to direct his attonlion 
to iron hliipbuilding as a special hranoh of Imsinoss. In 
1820, Jlr. Houaton, of Johnstown, near Paisloy, Uinnohod 
a light boat on tho Ardvoasau Canal for tho pui'poHC ot 
iiKCortaining tho speod at which it could Im towed by 
horses with two or throe porsons on board. To thosur- 
priso of Sir. Honslon and tho otlior gontlomun prosout, it 
was found that tho labour tho horses had to porforni in 
towing tho boat was nuioti groator at bis or sovon, than at 
nine miles an hour. This anoinaly was very pussKling to 
tho oxpcriiuontei's, and at tho request of tho Ooimoil of tho 
Forth and Clyde Canal, Mr. Fairbaini, who had alioady 
bcoomo oxtonsivoly known os a soiontifto anoohanio, wa.s 
voquosted to visit Scotlaud and institute a sorioa of expori- 
monls with light boats to dotormino tho law of truotiou, 
and clear up, if possible, tho apparent anouialios in Mr. 
Houston’s oxporiinonts. This ho did nocoidingly, and tho 
results of his oxperimouts ware aftorwards publishod. Tho 
trials oxtoudod ovor a BorioH of years, and woan oonduutoA 
at a cost of sovorid thousimd pounds. Tlio llrst oxiHivi- 
luonts wore luado with vossols of wood, but they ovontually 
led to tlio ooiiBtruotion of iron vossols upon a hw'go Boahf 
and ou an oiiliroly now iirinoiplo of ooaistruotioai, xvitln 
nnglo iroai I'ibs and wronght-iron sbeathing plates. Tho 
roBulb proved most valuable, and had tho offeot of siwcially 
directing tho .attoution of naval onginoers to tho employ* 
menl of iron in shipbuildiiig. 

Mr, Fairbairn liinwolf fully rooognised tho value of tho 
experiments, and proocodod to oonstmot an iron vossol 

* The Biilgeot will lio found fully omliodyiiig llw multa of Ills liiige 6X* 
.ivatod in Mr. Fnlrlmirn’s own worlt, poiionco, 

A 2iva(isi on Mffls anfl Jflli-Wori, 
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at Ms works at Mimohester, in. 1831, wMch went to sou tlio 
samo year. Its success was sucli as to induce Mm to begin 
iron shipbuilding on a largo scale, at tho same time as the 
Messrs. Laird did at Birkenhead; and in 1835, Mr. Tair- 
haii’u established extensive works at Millwall, on (he 
Tliauios, — after wards oconpied by Mr. Scott llnssoll, in 
whoso yard tho “ Groat Eastern” steamship was erected,— 
where in (ho courao of some fourteen years he built up- 
wards of a hundred and twenty iron ships, some of them 
above 2000 tons burden. It was in, fact tho first great 
iron iship-hnilding yard in Britain, and led tho way in a 
branoli of Imsinoss which has sinco become of first-rato 
inaguitndo and iinportanco. Mr. Fairbairn was a most 
laborious exporimontor in iron, and investigated in great 
detail (ho subject of its slrenglh, the value of different 
kinds of riveted joints oompaved with the solid plato, and 
(ho distribution of tlio material throughout tho structure, 
*8 woll as tho form of tho vessel itself. It would indeed 
bo diffionlt to ovor-eslimato tho value of his invostigations 
on these points in tho oarlior stages of this now highly 
important branoh of the national industry. 

To fuoilitato tlio mamifaotnro of his iron-sidod ships, 
Mr. Fairbairn, about tho year 1839, invented a maoMne 
for riveting hoilor platos by steam-power. The usual 
mothod by which this process had before been executed 
was by hand-luwniuerB, worked by men placed at each side 
of tho plato to be riveted, acting simnltaneously on both 
sidoH of the holt. Btxt this process was tedious and ex- 
pounvo, as woll ns clumsy and imporfeot; and some more 
rapid and prooLse method of fixing tho plates firmly 
together was urgently xvanted. Mr. Fairhairn’s machhio 
oomplotoly supplied tho Avant. By its moans the rivet was 
driven into its phico, and finuly fastened there by com- 
pros'sion and a eouplo of strokes impelled by steam. Aided 
by tho Jaoiinard punohing-nuiohino of Itohorts, tho riA'oting 
of xdatus of tho largest siso has thus hocomo one of the 
simplest oporutions in iron-inannfacluring. 
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Tho tlioron"!!! hnowlotlgo wliioh Mr. TWbairn possoBsotl 
of tho Btrougth of wronght-irou in tho form of tho hollow 
hoam (which a wrfmghl-iron shij) really is) natinally loil 
to hia being conmiltod by tho lato Itobort Slophenson na to 
the BtinotnvcB by mcaiis ofwhichit was proimscd to aiian tho 
oahiary of the Oonway and tho IStruits ofMonai; and tho 
result was the Conwaj’' and Britannia Tubular Bridges, tho 
history of whioh wo have fully dosorihoA olaowhoie.* 
Tlioro is no reason to doubt Ibat by far tlio largest shaie of 
tho merit of working out tlio practical dolaila of those 
HlriioturcK, and thus roitliising Itobort StopliouHon’B niiigni- 
licciit idea of tbo tubular bridgo, belongs to Mr. h’airhainu 

lie naturally felt soiuowhat soro at being so luiuh ignovod 
in tbo publiealions of tho day, rolativo to Ms prnotical ox- 
porimonte aa lo tho strength of tuhiilar iron. “ 1 have Imd 
to encountior,’’ ho said, “ a groat deal of diflioully in con- 
touding for position againirfc a host of wiser and bottoi 
cduoatod persons than, mysolf. ... I havo boon reading 
tho ‘ Life of Robert StophonBon j’ but I am totally at a loss 
to understand Low public nion can write and iwsisfc in tbo 
distortion of facts. I oan oosily oonooivo that tho authors 
would givo tho best oolonring jmssiblo to tho hero of their 
tale. But thoro is such a thing as truth j and to giyo tho 
whole merit, not oidy of a tube hung in chaim, but also the 
oxporiraents on tho strength of tubular iron, and overy- 
tbing else, to Mr. StophonBon, is not oovroot. In fact ho 
novor Tinderstood tho prinoiplo of tho tubular bridgo uutil 
the Conway had boon dnishod ; and ho novor sow tho ox- 
perimonts but in two hurried visits to Millwall. So inuoh 
for tho aeouraoy of tho book. It aoems to havo boon got 
up for tho praise of Stophonsou and his sohcolj — olaiming 
tho merit of a great discovery, to whioh thoy havo not tho 
shadow of a title, beyond a vory ccudo idoa of a wronght- 


* Idvea of iho Jinijtiieera, vol. iil. 
410-40. iSoe also An Acomil of the 
Comtmotlon of t)u> Sr^mia mi 


Oonmy Mii/w Hridi/ga, liy Wilham 
t'alrbAirn, C.K. 1^49. 
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iron ausponded cylinder, wliioh I afterwards proved to bo 

USolOHB.* 

Ill all matters connected witb the qualities and strength 
of iron, ho came to bo regai-ded as a first-rate authority, 
and his advico was often sought and highly valued. The 
olaborato exporunonts institnlod by him as to tho strength 
of iron of all hinds have formed the subject of various 
papers which ho has read before tho British Association, the 
Royal Society, and tho Literary and Philosophical Society 
of Manchester, His practical inquiries as tu the strength 
of boilers have led to his being frequently called upon to 
invostigiilo tho causes of boiler explosions, on which sub- 
ject ho litiH published many elaborate reports. The 
study of this subject led him to elucidate the law ac- 
cording to which the density of steam varies tliroughout 
nil extensive range of pressures and atmospheres, — in sin- 
gular confirmation of whnt had hofore boon provisionally 
calculated from tho moolmnieal theory of heat, ffis dis- 
covery of tho true method of preventing the tendonoy of 
tubes to collapse, by dividing the flues of long boilei’s into 
short lengths by moans of stiffening rings, arising out of 
tlie same investigation, was one of tho valuable results of 
his minute study of tho subject; and is oaloulated to be of 
OHKontial valuo in tho manuihoturing districts by diminish- 
ing tho ohanooB of boiler oxjilosions, and saving tho lament- 
able loss of life which has during the last twenty years 
been occasioned by the inalconstiuction of boilers.f Among 
Mr. Pairbairn’s most recent inquiries are those conducted 
by him at tho instance of tho British Government relative 
to Uio construction of iron-platod drips, his report of which 
lias not yet been made public, most probably for wmghty 
irolitioid reasons. 


■ * r, otter to tho Author, Deo. 1st, 

ISOIr. 

f Theso reports, and liU oonstanb 
mlvooocy of carofhl porlodionl hispeo- | 

of Boiler Explosions, which he founded 
in Mnuohester npwui'ds of twenty yean 
since. This nssoclntlon is of inestimable 

1 value In liATlng saved the lives of n 

t>oii| Ititi to tcic eglnbilsnmeiis ot tur 
pi'cseui Aesooiailou for the Pi’orcntioi 

1 great number ot persons from instan- 
tsneous death. 
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AVo mi'glit also I'ofor to Uio practical improvomonts which 
Mr. Fairljairu lias hooii instruiaoiital in introducing in the 
construotion of LuildingH of various kiinlfl by the uso oi 
iron. ITo baa hiniaclf f.rccUul uuincrous iron strnoluroa, 
and pointed out tlio road wliich rillior inuniifaoturora havo 
readily follo\rocl. “I am one of tlioKO," said lie, in bis 
‘ Loctnro on tlio Trogrosa of Enginooring,’ “ who have great 
faith in iron walls and iron Imams; and although 1 havo 
both spoken and written much on Iho subject, I cannot too 
forcibly recommend it (o public atlontion. It is now 
twenty jmvH siiuw I coustruoted an iron house, with tho 
machinery of a corn-mill, for Ifalil I’asha, then Beraskiov 
of tho Turkish army at Oonstantiuoplo. I boliovo it was 
tho first iron-house built in this country; and it was (son- 
struclod at the works at Millwall, London, in 1839,” * 
Since tlion iron stnicturos of all kinds Imvo boon oroclod : 
iron lightlimises, iron-und-orj stal palaces, iron olinrchcs, 
and iron bridges. Iron roads have lo»»g boon worked by 
iron looomotivos ; and before many years Imvo passed a tele- 
graph of iron wire will probably bo found oiroUng the globo.'t 


* Useful Information for Hit- 
(jinetrs, anil sorieH, ii'JS. Tho mero 
Itit ot Mr. I'an'lttiui’a writiii{[s would 
oeonpy cunsWevnWo spoco; lor, not- 
withobuvllnc Ida gront Inbomu aa no 
ra!;iucor, lioluia alou loon an iiuluatrloua 
writer. Ilia pnpors on Iron, rrad nt 
diiniront timoa hefore tho Uritiali ,Aa- 
isoeiatlnn, tlie Iloyiil Soulety, nivl tho 
Literary anil I'hlloauphioal Inatitiitina 
of Manuhealor, .rro of great vnluo. The 
tivotiao on " Iron" in the JinoyolomedKi 
Drttannioa la from hio pen, mid lio hita 
vantrlliuted n litghly intoreitiug paper 
to Dr. Scon'ern’a Useful Metals md 
llieir Alloys on Ihe AppliaiitionofTron 
totliepuvpo8caofOiilimnce,MBi;hinery, 
Drldee!!, and Honoo and iJhip Building. 
Another vnluoblo hnt lesa-kiioivn con- 
tilbutlon to Iron literature in Ids Itepert 
on Mnohinery in Clenorel, piibliahcd in 
the Seports on (As J’aris Universal 


j^ioAiiWi'oii of Ifl.'i!). Tho oxperiiiiniit# 
uoniiuctod by Mr, l''iiirbnirii fur tlie 
purpose of pmviiig llio CKiiilliint pro- 
jievtico of Irnij fur ulilphiiiWlng — Ihn 
iiceoiint of wldi'h wes pidilinhoil In tho 
'lyansriotlons of ihe iioyal Honicty — 
ovcnluidly led to his furtiior exp'eri- 
inentn to ilctennino ihn sti'cngiii niid 
fiirm Ilf tho Bi'itniniia imd Oonwiiy 
Tiiliiilnr Bridges, plale-glclerit, and 
uUier iionstructtons, tlie result of w hieli 
wns to Cbtiihlish quite a new era in 
tiio liialory of hrlilgo as wall ns ship 
building. 

t This pnssago was puhllshod in 
18113, iSiiico tlion, iolograulis haro 
been estiilllslml in every iliwcliiiii ; 
and the nbovepropheoy has boon ntnply 
fuinilod. 

To Uin nliovc brief aseonnt of Mr. 
Bnlrbnlm'o life, it may be nddod Unit 
Her Midesty, through Mr, Qlndatono, 
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Wo now uso iron roofs, iron bodsteada, iron ropes, and iron 
piivcmont; and even the famous “wooden walla of Eng- 
land ” aro rapidly becoming reconstructed of iron. In short 
wo arc in the midst of what Mr. Worsaac haa characterized 
as tho Ago of Iron. 

Ah tho celebration of tho opening of tho North Wales 
Railway at Bangor, almost within sight of his iron bridge 
across tho Straits of Monai, liobort Stephenson said, “Wo 
ni’o daily producing from tho bowels of tho earth a raw 
material, in its crude sta'o apparently of no worth, but 
which, when converted into a looomotivo engine, flics over 
bridges of Iho sanio matorinl, with a speed ercoediag tliat 
of tho bird, advancing wealth and comfort thronghout the 
country. Such are tho powera of that all-civilizing insfc'U- 
mont, Iron." 

Iron indeed plays a highly important part in modeini 
civilization. Out of it aro formed ediko tho swoi-d and the 
ploughshare, tho cannon and tho priuting-preBS ; and while 
civilization oonliuuos partial luid half-devolojicd, ns it still 
is, onr libortioM and our industry must ueoessarily in a 
great ntoasuro depend for their protection upon the oxoel- 
louco of onr weapons of war ms well ns on the superiority 
of our instrainonts of pence. lienee the elall and inge- 
nuity displayed in tho invention of rifled guns and aitil- 
lory, and iron-sided ships and batteries, tho fabrication 
of which would bo impossiblo but for the extraordinary 
dovclopment of the iron -manufacture, and tho marvellous 
power and preoisiou of our tool-making machines, as de- 
sotibed in preceding chapters. 

“ Our strength, wealth, and commoroo,” said Mr. Oobdon 
in tho oourso of a rocont debate in tbe House of Commons, 
“ grow out of tlio sldllod labour of the men working in 
metals. They are at the foundation of our manufacturing 


oJlurcd him n hnvonctoy In 18fl9, which 
111 ! gratcriillr accepted, though (os he 
btntcd to n friend) ‘‘ ho liked the old 
name cf * Willinm Fcirbairn of Miin- 


Chester ’ bettor." Sir IVilllam died on 
the isth of August, 187it, si the ifpt 
age of dghty.five. 
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groatnetis ; aiwl in CiiKO yon wofo altackoil, they would at 
onoo bo availablo, willi lUeir liard baiuls and Hkillcd bruiHN, 
(o maiuifiiohiro your iiiUMlccts and your oaimou, your sliot 
ond your hIicII. 'Wluit has given ua oui- AriuationgH, 
WhitwortlLH, and Fairbaims, bill: tho fi'oo iiidiiatry of tlua 
oomili’y ? If yon can build tbroo Ihnoa inoro ataun-onginoa 
than any ullior country, and liavo tliw'ofold tlio force oi 
mcobanioa, to whom and io wliat do yon owo tlmfc, bnt to 
llio luou who havo trained thorn, and l:o IhoHc prinoiploH of 
ootnmoi’oo out of which tho wealth of Iho conntiy liua 
grown? "Wo whohavo sonio hand in doing that, aro not 
ignorant that wo havo boon and aro iucroaBiug tlio slronglh 
of tho country in proportion aa wo aro raiBing up whillod 
artifiaus.’’* 

'i’ho reader who haa followed ns np to this point will 
have ohserved that handicraft labour was tho first stago of 
tho dovdopinont of huumn power, and that nmehinory baa 
boon its last and highest. Tho tmoivilizod man began with 
a atone for a hivmmor, and a spHntor of flint for a (shisol, 
oaoh stage of his progress hoing marked by an improvo- 
luont in hia toola. Every machine calculated to save 
hihour or inoreaso production was a siibslanliul addition to 
hie power ovor tho material resourooa of naturo, enabling 
him to subjugate them inoro offoctually to his wants and 
uses; and ovoiy oxtonRiuu of macluuory has sorvod io in- 
troduce now olasBOS of tho population to tho onjoymont of 
its bonofits. In oaidy tiinos tho iiroduots of skilled in- 
dustry woro for tho moat part luxuiios intended for tho 
fow, whereas now tho most oxduisito tools and onginos aixj 
employed in producing artioloa of ordinary oonsnniption 
for the great mass of tho oommimity. Maohinos with 
uiillionB of fingers work for millions of purohasors — for 
tho poor as well as tho rich; and whilo tho mnehinory 
thus used oniiolios its owners, it no loss onriohes the publio 
with its prodnots. 


• llooea ot Loramona Delate, 7th July, 1862. 
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Miioli of tlio pi'ogrosH to wliioli wo tave adverted has 
boon the result of tho skill and industry of onr own time. 
“Indeed,” says Mr. Pairhaim, “tho mochanical operations 
of tho present day could not have been aooomplished at 
any cost thirty years ago ; and what was then oonsiderod 
impossible is now performed with an exactitude that never 
fails to aooomplish tho end in view." For this we are 
mainly indebted to tho almost oreative power of modern 
maohino-tools, and the facilities whioh they present for the 
produotion and roproduotion of other maohines. We also 
owo much to the inechanioal agencies employed to drive 
thorn. Early inventors yoked wind and water to sails and 
wheels, and inado them work maohinory of varions kinds ; 
bnt modern inventors have availed themselves of the far 
more swift and powerful, yet docile force of steam, which 
has now laid upon it tho heaviest share of the burden of 
toll, and indeed hoeomo the universal drudge. Coal, water, 
and a little oil, are all that the Bteam-engine, witlr its 
bowels of iron and hoai’t of fire, needs to enable it to go 
on working night and day, without rest or sleep. Yoked 
to machinery of almost infinite variety, the results of vast 
ingenuity and labour, tho stoam-ongino pumps water, drives 
spiudlos, thrashes corn, prints books, hammers iron, ploughs 
land, saws timber, drives piles, impels ships, works rail- 
ways, excavates docks j and, in a word, asserts an almost 
unbounded supremacy over the materials whioh enter into 
tho daily use of mankind, for dotliing, for labour, for de- 
fence, for household purposes, for locomotion, for food, or 
tor instimotion. 
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/. WkAPO.VM and JmPL 7!HENT8 OXf CoroiiK, BltONiiK, AND fnoif. 

NoTwmisrAKDrKO Iho miiiumia of Hio Datimli ftud Sxvisa niil,i(iun« 
tiiuis, it in (loiilitrul wheUicr llxo a"o of Iktmuo (vUvixyi) llio 

iij;d Df Iron. In iron-proiUloiiig conntrioB, iron wonlil iimlwldy I)o tlio 
lirat inclal u-awl, aa it ia in Africa to tliia day. In other countries, 
imiluciiig iron ami coiiixir, both inotak wnnld probably bo nauil. 

With roforiitieu to tbo note iit paKo 8, Mr. Glndstonn hns anpplieil 
xia with Uio following iufumuvtioii! — "I know not wUeitcu Mr. 
Mnshot obliiins warrant onimgh for bia very lucid propoailion, that 
a knowludgo of thu inlxturw of tin, zinc, nud copper, suemn to have 
boon atnongfit tho oarlioat diucovorius of thu luotnllurgist. Dues ho 
nienn — what, indeoil, seoina to be vath(>r cmnnionly, but, as I think, 
ralhor orronooualy naauuxod — tliat mixed inelal.s woix? used licfoin 
]'uvo ones? In Dr. llauiel Wilson’s work it secniB to 1ki clearly 
shown that a proportion of tho utensils which have boon lumped 
together as ‘ hronzo,’ are really of copiicr only. JiKpiircra hax'^o not, 
as yut, niadu xxao uiiough of tho one ('runt literary wituoas to tlio 
usages of a prhuitlvo ago. IIomkh belongs to a ireriod between 
Stoiio oil thu onu baud and Intn ou tho oOiur. Witti him tlio use 
of iron is just hegiuning. And it is, I think, very doubtful whether 
ho knmvs nnytldng of tlui niixtnro of luetals, tlioiigh ho wn.s 
familiar with tho idea of fusing them. 1 f his xnXzos itieaiw hrmttx, 
then it is surely a straiigu fact that ho Las no word for ec^fmr, 
which muat havo been a very ooiuinon inoiai, wliilo lio lias a xvord 
for tin, whiob was a X'ury taro one, and of xvhicU ho often inonlions 
tho siuglo but never tho compound xwo,” 

Tlio conclusion, tliorufurc, to which Mr. Qlaclstuno comes, scorns 
to bo this, that so ftu' im our present information oxtuiuls, copjiui 
was tho stnplo malurial of Gio implDinonts, irtousils, and weapons, 
so far as they wore motnUio, of tho anoionl Orooks and Trojans. 
This view is oonlirmed by lha lato Sir William Wyldc, tho oclubratod 
(rish antiquarian, who staled, at the meeting of tho Uritisli Associon 
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tion, held ill 187'i, that the collection of metal work in the Royal 
Irish Academy showed that copper weapons, tools, and implements, 
wore in Ireland tliu rurcrunners of hronzo or brass, as welt as of 
iron. 

There were other ancient nations to whom the iwe of bronze and 
iron were alike familiar, at a time when the inhabitants of Western 
Knroiio were comparatively barbarous. Thus, Mr. Ehind found in 
the tomb of Soban at Thebes — a place of sopnltnro which he had 
reason to believe bad not been opened for 2000 years — iron hasps 
and nails on the massive doors of Iho inner repositories, “as lustrous 
and as pliant as on tho day they left the forge." The ancient 
lOgyptions also possessed an art, which seems to have become lost, 
of making hronzo of a particularly fine temper, capable of taking a 
iiiio edge, and keeping it. Sir Gardiner Wilkinson remarks that 
soino of tbu hronzo daggors found by him in Egyptian tombs wore 
HO boautifully tompered that, after having lain buried for nearly 
3000 years, they possessed, when dug up, an elasticity almost equal 
to that of lino steel. 

Tho Assyrians also, as appears from tho remains dug up by 
Mr. Layard at Ninovoh, appear to have been well acquainted witli 
iron as well ns bronze, and tho iron was probably the cheapest of 
the two metals. The iron was used for picks, hammers, knives, and 
saws. One of tho most interesting objects in tho collection of 
Assyrian remains at iho Britisli Museum is n rusted saw, found in 
tho north-west palaco at Niiuroud — the ago of which may iwhably 
ho .about 880 B.O., though it may have been considcrahly earlier. 

While tho early Eastern nations wore thus familiar with the uses 
of copper, iron, bronze, and other metals, tho inhabitants of Europe 
were still living in tho Stone Age. The Danish antlqnoi'iaus may 
thus have boon led to form their theory, and to assume that tho 
oarly tnboB were led from the use of stone for tools and implements 
to (bo uso of copper and bronze, and Anally to tho use of iron and 
Kteol. Tlio theory may bo quite true as regards tlie population of 
Bm-oijo; and it is probable that with them iron woe one of the last 
metals to bo disoovored and tMod for weaiions and tools. 

Wheu Oaisar landed in England ho found the soulbem coasts 
occupiod by tlio Belgno. Their ourronoy consisted of copper or iron 
rings, adjusted to n certain weight j and, as he states in the same 
■jroiitiv that tho copper was imported, it is reasonablo to infer that 
Ihu iron was of homo manufaotnre, “ Tin," he says, “ is found in 
the inland country, and iron along tho const; but of that the 

z 
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tHmuti(.y Is sinnll; tliu ooiiiicr they iiuikii iiso of is iiniiortcd,” 
[ifasoilur ihi plimihum ftlhum in mwiilerraiicis regionibus, in mari- 
timirt fovruiii; wd ojus oxigun est copia: s'Ere utuulur iinporlato. 
‘ Do Dollo Gallico,’ lib. v. sucl. x.] 

The liolgoi, who iiihabiUicl the coast, had brought will) thorn the 
art of making iron fi’om the conlinent. In tho ohiy country of tlic 
Would, there is abutidatico of iron ore, called “iron rag.” It ia 
II sort of pudding steno, composod of clay, gravel, and iibimb iiC or 
30 por cent, of oxide of iron. It is cosy to uiidcrKtiuid how tho 
lleigno would smelt out tho iron — ^tlmt is, by oreoliiig a circular 
hollow tower of clivy, boniul round with w'tliea to prevent tho clay 
from craoldtig, and provided rvith tubes of clay near Iho botloui, to 
-supply aullioioiit air to tho furnaco, A fire would thou bo kindled 
within it, cbnrceal and iron would bo poured in, one over Ibo otbor, 
luntil the furiuioo was full. After lUorough oombustion, the clay 
.fiimaoe, after slanding for a few days, would bo broken oixm, and n 
i(piantity of fnaod ireu found at tho bottom, of tho quality of stool. 
'J'liis could afterwards bo beaten out into various fornis, according 
to tho skill and oxpcricnoo of tho ironworkers. 

II. Smeltiko op InoN iiy Coitn. 

Since tho publiculiou of this book in 1HC3, Dr. Percy has pub- 
lUshed his valuable work on Metallurgy. He siueceded in obtain- 
■■ing from Mr. Abraham Darby', of Houlb Wales, Ibo inrormaliou 
'relative lo tho smelting of iron by coke, whioh the author had 
ifiiilod to got from Ooalbrookdahs, tho headquarters of the Cumpniiy, 
It aiipcars that the son of tho first Ahralmm Darby was oiio of tho 
first to employ tho iiroooas. The following is tho necount, given in 
Dr. Percy’s ‘ Metallurgy of Iron and 8tctd ’ 

“As tbo supply of charcoal was fust failing, Abraham Darby 
atlcmptod to suiolt wltli a luixluto of mw coal and charcoal, but did 
not succeed. Botwunn 1730 and 1735 ho dutoriiiinnd to treat pit- 
coal as his oharcaal-buniorH treated wood. JIo built a fire-preof 
hearth in tho open air, piled upon it n circular mound of coni, and 
covered it with clay ond cinders, leaving access lo just sufficient air 
to maintain slow combustion. Ilaving time made a good stock of 
coke, ho pvocoeded to exporimont 'a[ion ft os a substitute for ebar- 
ooal, Ho himself watched tho filling of his ftiranoo during six days 
and nights, liaving no rogulor sloop, and talcing Ida meals at tho 
tloruaoo top. On tho sixth evening, after many disapimintmente^ 
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Iho experimuiit succpcdcd, and ilio iron ran out well. He then fell 
asleep jin the Bridge house at the top of his old-fashioned furnace so 
soimclly that his men could not wako him, and carried him sleepiug 
to his houso, a quarter of a mile distant. Prom that time his 
success was rapid. To iucrcaso tho power of his water-wheels of 
twenty-four feet diameter, he set up a “fire-engine” (i.e. an old 
atmosiihoric steam-engine), to raise water from under tho lowest 
and send it to the upper pond, which supplied water to tho works, 
and put in motion tho largest hollows that had bocu made. He 
obtained additional leases of valuable minerals, and erected seven 
furnaces, with five fire-engines. Jn 1764 the first furnace at 
Iforeeliay was blown in. In Deoemhor, 1756, ‘Howehay’s work’ 
was declared to he ‘at a top piunacle of prosperity, twenty and 
twenty-two tons per week, and sold oil as fast as made, at profit 
enough.’” 

Riiioe tho publication of our first edition, Mr, Norris, of Coal- 
brookdale Ironworks, has supplied us with tho following infor- 
mation “ In tho days of Gold Blast, mineral fuel was always used 
in tho Furnace in the form of Coke, and raw coal was not generally 
u.so(l until tho introduction of Hot Blast. It was by coking tho coal 
that Abraham Darby succeeded in making it available, and the 
merit of the application is as groat as if raw coal had been used. 
Tiiat coal wa.s really coked, wo have ovidenco of date os caj’ly as 
1718, ns the following extracts will show : 

‘ 1718, Sept' 28"* Old Blast Furncci) D' 

Andrew Cartwright, conking 114 Stack of Goal 

‘Mew Blast Fumaco D' 

Andrew Cartwright cooking 136 Stack of ocal,’— 

and those entries occur aflonvards so regularly as lo sliow that coal 
was coked and used invariably. Mr, Mason (see text, p. 84) must 
have boon taken by surprise, and the Follows of tho Iloyal Society 
boon asleep, or, what is more probable, tho matter had been kept 
quiet lo secure the success of tho "Worlcs, and to prevent objection 
to tho Iron being mode, in favom* of Charcoal Pigs, Bichard 
Ford deserves to bo credited with tho merit of being the first who 
sncoessfiilly oast tho cylluders for Newcomen’s Engines.” 

Tho suhslilullou of ooko for charcoal, in smelting the ora, in- 
volved tho nocessity of increasing tho pmsenre of tho blast: 
hence powerful blowing maohines wore substituted for bellows. 
The flrat nroducs of the blast furnaoo Is pig or east iron— that 

a 2 
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iron in ccanLination with carbon and silicon. To rcduco tliis to tii« 
state of inalleablo iron two methods nro emiiloyed. One, tho oldest, 
consists in tho exposure of the molted ing-iron in a finery or honvtli, 
to tho highly oxidizing action of o blast of (itiiiosphcrio air. The 
other, a more recent prnotice, consists in stirring tho inoUcd pig-iron 
(by tho process called “puddling”) on the bed of a rovorhoratory 
funmcB, so as to bring each portion of the wbolc mass successively 
up to tho surfiie<i, and allow tho oxygon of the air to seizo upon .niul 
combiuQ with tiro carbon and silicon, which hecoino sei>nvtited froiiv 
tho iron in tlie form of “cinder,” leaving, as the product of ih(* 
oiTcration, malleable or wrouglit imn. Various methods of porfocling 
the process of converting tbo cast iron into malleable iron or steul, 
liave since been devised — ^by licssoiner, Siomeus, Clrnnipton, and 
others. 


HI. Invkktion or thb Sudb-ukst. 

Sinoo tbo publication of tbo first edition of this book, Hr. Maiuls- 
Iny’s merit as tho inventor of tbo Slido-rest bns boon denied. Tbo 
lathe had long boon wcll-hnowi on the Oontlnent, and foreign 
artizans turned out very lino work by its moans, fiomething 
in tbo shape of a Slide-rest was also known and desevihed in 
moobanical books. Tbo work of ITnmicr, ‘L’Art do Toimier,’ 
desoribca one. Hut tlio invention had been altogetlier lost sight of 
in the workshops of Britain, until Mr. Maudslay invoutwl or ,ro-in- 
vented tho Slido-rost for his own siwoial iwes. When he began bis 
carcov as a workuiau, tho tools in gouoral use avovo of the oLiunsiest 
sort. Thera wore no Bolf-notiiig tools. Everylhiug was done hy 
hand. “ The vulo of thumb ” was tho law of tlio workshop. Henry 
Maudslay devoted his life to tlia iinprovouionl of tools, and tho 
Hlida-rcst was his greatest Uoliwr. 

It appears, however, that a variation of tbo Slidu-ivsl had already 
been iutroducod into Diitaiu, most probably by a Duteb workman. 
Tho subject was liraught xmdor oar mitico by Oeimral Lefroy, H.A., 
wMlo acting oflieially at Woolwich Arsenal. His letter te us was 
dated the lf)Lh March, 18G7, about four years after tho first cdiUou 
of this book was published. It rune as follows 

“Djeab Mb. SMitJiS, — 

“1 do not know wbat bettor tiso I can nhako of tlie inolostd note 
than by sending it, as the writer sug|ieBta to you, Your uiterest- 
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ing BiographiM have probably inured yon to all sorts of oommuni- 
<ntions even more impertinent than ibis will be considered, 

“ The occasion is somewhat curious. Mr. Anderson called my 
attention to tlio circumstance of there being a slide-rest in tho 
machinery of a model uf a brass Foundry and boring-mill in the 
HotunJn at Woolwich, and wished to asceidain the date. On ex- 
amination, I detected a cont-of-arms painted on the mould of a gun ; 
and this ooat-of-nnna proTOs to bo that of Field-Marshal Conway, 
who was Commandor-in-Ohiof iu 1782. I am not aware that ho 
over hold any high offlee in tho Ordnance ; and it is not apparent 
why his arms should bo on tlie gun, but there seems to be no doubt 
ns to their identity. They are peculiar, and they suffice to fl,x 
tho date. 

“ To me it is a suggestive fact. It would appear that Providence 
in a certain sense rewarded England for her righteous opposition to 
tho principles of tho French Boo^olnticn, by transplanting a grKit 
mechanical principle to our country, just as in the previous century 
wo mceivod important branches of industry, which were driven by 
religious persecution from tho Continent. I do not think it detracts 
iu any way from Maiulslay’s just honour, that ho received his first 
idi a from a foreign source. 

“ Believe mo, yours sincerely, 

“ J. E, Lbvboy," 

Tho letter of Mr, Anderson, to which Cencral Lefroy alludes, is 
as follows : — 

" Mooldaory Department, Woolwich Arsenal, 

« 18th March, 1867, 

“Drab (Jbnbral Letooy, — 

“ Tho Mills came from Holland about 1780, and I have no doubt 
but that the models wore mode at the time which you name, 
1782-3. 

“If the above assumption is oovroct, it cuts under all that has 
boon written on the invenlion of tho Slide-rest by the lata Henry 
Mandalay. As you are aware, ho was horn behind tho ‘ Salutation’ 
puhlio-houso, near the Arsenal Hate, in August, 1771. When 
q_irite a ohiid, ho hocamo a cartridge-hoy; at fourteen, he was 
transferred to the carpenter's hhop in the Iloyal Laboratory; at 
fifteen, to the smithy in the same department, or next door to the 
three slido-rcsts, namely, two in tho * Dial ’ square, and one on the 
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proimil EQiiaratins tlu) siiiil Nimlliy fi'uin tlio iiorUi-w(‘sfc coriiot t'f 
the Puiimlry. We can hardly liuliuvu 11 iiiisHilile lluit such an eaper 
aicolmiiio as ho was, could have luiaswl sceiii}; (he now lioviun-iuilla 
and tliuir Slulu-ivsls. M.iudsliiy loft tho Avai'iiiil when lu) wiw 
oightuou ; then worked a few years with Hnunali ijoforo ho was iimdo 
foreman, when ho iuvoiitcd Iho iSlulo-ivsU 

I RUapect Iho French and (ho DiUoh had their alido-reat not long 
befora na. I will not ontor into tho grounds on which 1 hold lliis 
opinion. Hut it is not very honest to sit still and allow tho orror 
to oxiat. Hut I fear tho truth will hurt tho imlit)iuil vanity very 
much. Ihivo you road in iSiuilcs’s 'JmluHtriol lliogniphy' tho 
iutoreating chapter on this subject? It might bo worth while to lot 
him know tho fads, and then ho can please Inmself. 

“I have raysolf seen tho slido-rcsts boforo they were tleslroyod 
in 1844 or 184G by tho late General Duiidas ; but was nut awaru at 
tho time of tho important bistorioal link which they might have 
formed. 1 am much pleased to know that tho model is still in 
osistencc. 

‘‘I am, yours truly, 

"JouN Andekbon,*’ 

Tlio author' is much pleased to have tlio opportunity of pvrblish- 
ing theso loUors, as it is no irart of his intention to conceal anything 
respecting tho progress of mcdranics iir England. 'J'liis country 
was always indebted to foreign artisans, ivho wore tlrfven by re- 
ligious porscouliou to tako rofugo in England. Xu anothor bonk, 
‘ Tho Huguouots ; their Suttlumouts, Clrurohcs, and Tndnstrios, in 
England and Mand,’ it has bccir shown, at consulovablo longth, Hurt 
tlioy laid tho foundations of skilled industry in this country. 

Wo have shown in tho text (pp, 208-11) that tlio foreign artizuiis 
woro much bettor ouquaiuted with tho uses of tim lathe than tho 
English artisans were, at tho end of last century; and wo arc 
doubtless mdoblcd to them for its iuvontion as well ns for that of 
tho Slido-rest, Mr, Nasmyth— to whom wo hnvo shown Uio abovo 
lottora-^novortheloss avers, that tliongh llio gornis of its principle 
and jncchanism woro piwionsly known in oouncolion with turning 
lathes, wo oro still mainly indebted to Henry Maudslay for tho 
introduotion of tho Slldc-rcst in its thoroughly dovolopod form; 
and that ho mnst still ’‘stand as tho parent of its introduotion to 
the workshops of England.” 
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IV. Hr. Barbaoe's OALcnLATiso H-voinsn. 

Tilr. Bal)bago, before his ileath, fiirnishoil tlio author with tho 
following .aocounl of his connection with Clement, as reganls the 
invention of the Calculating Machine; — 

‘‘ At the oonimeucoment of the Difference Engine, I wanted a 
liursou to assist mo in the drawings, ami afterwards, if necessary, to 
constriiot tho engine. 

“Tho late Sir Isambavd Brunei recommended Mr. Clement a; 
lihely to suit me. Mr. Clement thon ]x>sseBsed one lathe, small 
but very good, having also an excellent screw. Ilis workshop, at 
that tiino, was his front kitchen. Tho lathe had also a very valu- 
able Slide-rest, rather too large for it. His small stock of tools were 
all excellent of their kind. 

“As soon as any part of the Difference Engine was eontrived 
and drawn, I proce^^ to ask Clement what was the received mode 
of making it. The plans tlicn in use wore tedious, and demanded 
tho skill of the very best of workmen. Now, as I required an 
identity amongst hundreds, and even thousands of similar parts, 
the then existing methods were found insnliioient, 

“ I suggested special tools, and hy the aid of Olomont’s admirable 
skill, and availing myself of his practical knowledge, I arranged the 
Xihin of several now maolune tools. 

“So far was tho first Difference Engine from not having a print- 
ing apparatus, that I well remember tho discussion I bad with 
Olomont on its first suggestion. I remarked that I required 
wliat I should call a co-ordinate maohino, which I explained to 
Clomcnt. 

“I thon sketched two slides at right angles to each other, and 
proposed to placQ thoso vertical slides at tho hack of a lathe having 
a cylindrical mandril. Tliis plan was adopted, and at onoo gave ns 
tlio command of tho uso of circular cutters, drills, and saws, over 
ovory part of tho plane. Goppor plates were impressed by steel 
figure punobes on this maohino. 

“ Again, I required for making the bolts the vertical motion of a 
horizontal piano upon a slide-rest. I proposed inclined planes as 
tho simplest method', but Olomont; preferred four sorews driven 
by a ooutrnl wheel, which probably was tho heat of the two 
{^ns. 
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“Uiiiler ilio (IcmaiiJa of tlia Diffcrcuoo Eiigino, Iho nuiulier of 
luftoliino IooIn iucroaaod, and Mr. Cleuu'iil couvcrtud a largo building 
at, the back of bis hoiisa into n wurksliop. 

“The imiirovomeiiLs in tools arc uminly due to tlio atroiigor 
Kj-etom of iron framing now cmiiloj'ud. Cireulnr cutters, slides, 
Kiutting, imd oven planing machines, ailaplcd to ornninuntal turning, 
maj liu found drawn and dcscrilted iu several of tlio older auliiors 
on tlio subject.’' 
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\D)iOUS, the Greek, 353. 

(VA^ican iren, excellence of, 13. 

Agriculture, carlj', — ^legend, 6. 

Agricullui-e, impiovemcnt of, G5, 

Auclciit cnuocfl, boats, and coraclea, 
liuw made, 4. 

Anuieiit rvenpona and iinplomenta, 3, 

6, 7, 

Ai'inourere In early times, their im- 
portance, 10, 17. 

Armoui'-plated ships and llie slenm- 
htunmor. 280, 

Aslihurnlinm Iron Works, 35. 

Alins Works, tiiinrp, Huberts and Co., 

207. 

Dasiwig, C., calcni. ninchinc, 251. 

liocoii, Anth., at Merthyr Tydrll, 1.30. 

Bacon, Friar, predicts inventions, 171. 

Bniids, tile, ol' (iiu'tsherrie, 181 . 

Balloon, the, nn ancient invention, 173. 

Bonlc, public, credit hnseil on Innd, 72. 

Uiuido, Peter, gnn-ronnder, 33, 90. 

Bcntham, Sir S., his block-ninking and 
other tnnciiin^ 218. 

Bessemer, Henry, Ids process of steel 
manurncture, 111. 

Blnidcband ironstone, its viduc, 141, 
145, 149, 159, 101. 

BInck, Prof., nnd .Tames Wntt, 138. 

lilnst, the hot, Invented, 141, 148, 
149, 158-00. 

Blasts tbr liirnnccs, 12, 39, 48. 

BIcvrstone, Dr., attempts to smelt iron 
with pit-coni, 77. 

DIookmnKing ninehlucry, 220- 22. 

Bourdon, M,, adopts tlio sto.im-ham- 
rner, 387. 

Bramah, Joseph, 183 ; his birth and 
early life; a form boy; his inven- 
'-ivo faculty ; is apprenticed to n 


CAADIFr, 

cnipentor; goes to London; com- 
mences bnainess, 184 ; takes patents 
for \ratei.-c1osets ; makes pumps, 
&(!.; invents his lock, 185 ; Maud- 
slay assists him os lending work- 
man ; his tools for lockmaking, 187, 
189; his hydrostatic machine ; his 
hydraulio press and macliinery, 183. 
1 05 ; improvsnicnts In pumping 
machinery, 190 ; his besr-pump ; 
patente for improvements in stetun. 
engines ; grud^ against Watt, 191 ; 
his machine-tools, 102 ; numbering 
machine, 193 ; pen-cutter and other 
inventions, 194-5 ; practises os 
Civil lingliieer; consti-ucts wntoi.- 
works at Norwich ; his death, 195 ; 
his excellent ebrnneter, 180 ; the 
fi«t-nilo meobnnics who served 
with him, 197 ; his diilienlty In 
finding competent workmen, 201. 

Bridge, the lint iron, by Darhy, 89. 

Brindley, Jas , and Dr. Uoehuek, 137. 

Britauia tabular bridge, .330. 

Bronte period in history, the, 6, 8, 

Brunei, Sir M. I., bis education for 
a priest, 216; ciitore the French 
Navy; is paid off; sails for Now 
York ; his future wifo, 216 ; smr- 
voyor and nrclutcct, &c. ; comes to 
England ; his numerous inventions, 
217 ; his blockmnidng machinery, 
218. 

Buildings, Die first iron, 332, 

Cadgi. 1 ., Wm,, Cockentle, Iron-work- 
ing and nnilmaking, 135, 136. 

Caloolaling mnehmes and apparatus, 
261-55. 

Cannon first east, S3. 

^tdiF Canal constructed, 131 
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CAUIlONADl'ia. 

C'nvvoniiili'8 iniiilo i\t Oui'iim, 

CiU'ioii Iron Wniliii, ID."), 1117. 

l.'iii'tiMo(, Oiijit., tlio freewill Isluiulora, 
Iron, I. 

f'liiim, {ii'iuliii;; of {!;ri.‘iit niilirinlly in, 
172 ; BHSiii'iisinii In'ltlges., 1711 J ural- 
fpiH, nuffibtliptia ngc'iitH, J7-i. 

Civil will's iinil till' iron tinili', ‘It. 

CliMiiciil, .lu.'.i'iili, liii'tli, ]Kii'vii(iij!(' ; liis 
fiitlii'i' a liiiiiilliiinii wniviT, iilsn n 
iiiiiiir.'ilii.l mill iiinuluiii' iiioi'liiiiiii!, 
21tt!; .los<>]ili li'iinis lliiitvliiiij' nml 
sltitlii;;; lii.s liliini; liir nipi'liiinics, 
2117; I'nuts winks on in<'i'.li(iui<« ; 
niiikcs n tiii'iiiiii'-liillio ; liii-iin nml 
Vni'fiitma ait viirinus miminul insti'u- 
iiiriits; mitkra niici'oscniio nml tolii- 
icoiic ; innki'a .screw iliisstackn, 2118 ; 
giviM lip aliitiiig ; oniployeil tninnke 
powei'-laoms iit ICirlif .Stejilion ; Ills 
wages; reninves to CnrliHle, tlien 
to Oliisgow, wliero I’clor Nlcliolson 
tenches him ilvAwitig, 330 ; vemoves 
to Ahoriloen ; Ills Improvements in 
tools; nttenUs college, 340; pro- 
ceeds to Loudon, 3‘U ; employed 
by llramnh os cider drauglilsninn 
mid Bupeiintoiident ; chief drnuglile- 
mnu Ut Maudslay niul Field, 2411 ; 
begins bnsiness; Ids shill ns a 
draaglifaminu ; Invents drnwiug-iu- 
Btriimcnt, 244; invents drawing- 
table; Ills inventive fnonlty mid 
delight in its oxerciso ; Ids ini]irnvi!- 
meiits ill tho slide-lnllic describi'd, 
245 ; his iiclf-ai\justliig double driv- 
ing centre-cluielc luid two-ni'med 
didver, 2.17; Ids iluted tops nud 
dies nml scrow-ciiUiiig inncuincry, 
248; Invents hIs plnnlng-mnuldiio, 
240; dcscidptlon of plmiing-mneldno, 
250 ; employed to innko Bablmgo’s 
calouliiting-mnchine, 261; grout cost 
of the machine, 254; liitemiptlon of 
the -work, 255 ; his stcnin-whisllR, 
256 ; his chm'nctcr niid death, 257. 

Coal and coke in Iran uanufncture; 
Dudleys pi'Dccss, 48 ; coke Hint re- 
gularly employed, 8,3 ; inoeoased use 
of, 80, 85; piiMioat sncoessflilly 
used by S, Fold, 84. 
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Coal, pi'ojiosed fn.v ini, 0.3. 

Oonlimiokdtdo Irmi Works, 80-82 ; ex- 
tensions of woiks, 8.1, O.'l, 

Colnlen, It., on mrlid-woikiiig, lllili. 

Collet, I’eler Van, inventor of e-vpio- 
aive bIiuIIs, 114. 

Ooiigi'evu I'orket, Kiislorn origin, 171. 

Contract for mils, 81. 1’linl's Cliiiirli- 
yimt, 31). 

Conway Tidudiir Dridge, ; tlio 
piiiieliiiig-machlni!, 27 1 . 

Cook, Capt., till! South .8eit islmidei's, 
nud iron, 1, 2. 

Corl, Heavy, birtli and i«iveiiliige j a 
iiiiry iigeiit: (Wyieriineiits to ini- 
;irave maiiiilactimi of KtiglLsIi iimi, 
114; takas a fmmiliy at Fniitley 
and hecome.s ;xti'tiier witii Jeliiuoe, 
115; his patents, lit), IIB; Ids 
Iniproremeiils described, 1 17-119; 
his pracessea adopted liy others, 
118; gmaily luaieaiies tho proiluo 
tiuii, 120 ; hie iron appvoveil liy tlni 
Admiralty 122 ; Adam JelHcce’s 
piihlio dclidcatloim involve Coit, 
123; his property mid ]uiteiils 
seised; Ids partner put into ;i(ia- 
ses,sion to Coifs e.vcliisloii, 121; 
his !iivciilion.s prnclienlly muilo ovei 
to tho public, 125; ho Is ruined, 
nml iipponls in vain in hiivc Ids 
jmteiitH rcstoreit ; a pension nf 20(ii. 
a year granted In Idm; his doalli, 
127 ; fkivt tho founder of our iruu- 
nrletocniuy ; lil.s eldldren nged. Iii- 
fii-m, mid poor, 12B; Mr. Fiiir- 
tsdrii’s opiiiinii IIS to the viilne ul 
Curl’s umsxiuited iuvnnlianH, 1112. 

Cotton trado, the, progress nf, .'lilt, 

Cndlsincn, t riulo secrets, 45. 

t'rnnegi', Oeo. nud Tlios., invent, re* 
vorlioratoi'y llirmicc, 84; patent 
tiikon nut, 88. 

Crawsliay, Itiohnrd, adopts Cmt's pm- 
cesses, 121, 130; his birtlipW 
and onriy Ittb ; Ids rldo to London, 
128 ; a shoii-tay and porter ; siut- 
cecds to his master’s business, 129 ; 
takes Iron-works at Merthyr 'fydYil 
130; greatly incrcasss y’adnctloe 
of Iron; precis and inskes enno] 
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to Cni'diff ; Is Kno\ni ns tlic " Iron 
King Ills dcscnnilnnts, 131. 

DiauBHUEOTYrK nntiaipntixl, 17-t. 

Darby, Abralum, of UonlbrookJitlc, 
Ills pni'cntngo, a|iprcnticeship, roli- 
gion ; imrlnars ni lUptist Mills ns 
malt niill-mnkcrs niul brnsa and 
iran.fDuiulGra ; mmuifiictui'e of cast- 
iron pots ; Icnrns llic art in Holland ; 
brings back skilled Duhdt workmen, 
80; takes out patent, SI ; romorea 
to (kialbrookdulo, 82 j inorenaed 
tnviu ; uses coko for Oirnnces ; his 
dentil, 83; Abralinin Darby, aon; 
and Abrnlinin, grniulson ; nilor a 
time become ironfoundera, 83. 

Darby, Abrnhnm, III., casta and oreois 
the lirst iron bridge, 83. 

Davy, Sir II., and aun pictures, 175. 

Dean, Koreat, and iron manufooture, 
18, 28, 42, 74. 

Dublin, iron mamifliature and the 
Unionists, 313. 

Dui||(‘y, Dol'd, and iron inanufnet., 40. 

Dudley, Dnd, birth nod parentage, 
40; ednention; joins his fatlierin 
the iron maiuiiaoturo; employs pit- 
nnnl for fuel and succeeds; takes 
out patent; improves the blast, 48; 
lusa by n flood, 49; opposed by 
IniiMiinstera, 50; his misfortunea, 
works destroyed by rioters, 51 ; 
Charles I, renews Ida patent ; civil 
war; joins the lioyaliat fiirocs, 52; 
appointed military engineer, 53; 
taken piisoner, .54; escapes from 
gaol — is recaptured; sentenced to 
de.ith nnd ngidn escapes, 63 ; his 
litter destitution and niisneceasOd 
parliierslilp, <50 ; kee|» his secret ; 
resuincs amclttug ; his death, 39 ; his 
hirentinn horn before its Uino, 77. 

Dudley, town of, about a.d. 1000, 
46 ; iibnadanoe of coni, number of 
smiths, 47. 

Dunkirk port, snn’oy, Tnrranton, 73. 

DuiiHtnn, Sti, a bhicksmltli, 28. 

HdWiX, St., and smiths of Alcester, 28. 

lOlectrio telegr. iin old Inrciitlou, 175. 

iipoeha in etvlUsittun, 8. 


PArnDAtiiy, 

KairiiaiiUi’, Sir P., flax-mnehinety 
(note), 263. 

Fnirbnirn, Wm., on maelnne tools, 
211, 299 ; his birth ; fntlicr's inter- 
course with Sir W. Scott in child- 
hood, 300 ; ciliicntioii ; life in I'oss- 
diiro, 301 ; excellent mother ; do- 
mestio employment, 302; n la- 
bourer at Kelso-brjdge, 304 ; loads 
coals lit Percy Main Colliery, Soiitli 
Shields; apprenticed engineer; his 
scheme for selltcnlturc, 305 ; pro- 
moted to take charge of the pumps 
nnd engine, 306; makes the oc- 
quiiintance of Ueorgo Stephenson, 
307; is nest employed at New- 
castle and Bedlington ; voyage to 
Doiidoii and adventures, 308; tlis 
“ Union ” prei'ents blm from work- 
ing, 803 ; tmvels nnd gets work 
nt Cheshnnt; rctnms to London 
and obtains employment, 311 ; hib 
fli-bt order a siiusage chopping- 
mncliliio; ti'avcis in England and 
Wnlcs lor work nnd osperience; 
anils to Dublin, 312; oonstructa 
nnll-miiking machinery ; tho Union- 
ints forbid its use, nnd Dublin loses 
its iron trade ; snils for Llvei'pool ; 
goes to Hnnehester, 313 ; gets ein- 
ploymont; settles nnd mniTies in 
Mnnohestcr; begins business; his 
flrst job nn iron coDservniory, 814 ; 
enters into partnewliip with Lillie ; 
their cObrts to obtain work ; em- 
ployed by A. mill S. Murray, SIS ; 
recommended to MncConnel and 
Kennedy, 310; make Important 
improvements in mdl-genilng, 323 ; 
rapid Inorensc of business, 324; 
supply improved wnlor-wheels in 
Ayrshire and nt Zurich, 825; 
natnre of tho Impravemente, 826 ; 
Fairbairn's experiments concerning 
law of traction in boats; constructs 
the flrat iron vessels ; begins bnild- 
Ing iron ships, 327 ; invesUgntions 
as to the strength of Iron, invents 
rivetlng-mnohme ; his connection 
with tlio Britnncln ' nnd Conway 
Tubular Bridges, 330 ; vepoi'ta on 
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iron nntl on boiler c^llIo!liono, .131 ; 
the iirst cousti'uulor of iron builit' 
iiige, 333. 

t'ermui, Anil. <Ic, nud liio hwanle, 3.'}. 
Ifcrreri^ Knrltlom oij 1 0. 

Flax machinery, SGI, SG3. 
t'lcinisU vroavora nud their luachinciy, 
hoatility to, IQG. 

woiknien at SheinclJ, 101. 

Flint iinpleinoiite, S, H. 

Ford, iliiihnni, aiiifcsefiil use of jiil- 
cool Inameltini; ii uii, U-t, 113. 
Foi'gca, early, wliore aitniile, SO. 

Full, .tiimeu, of Derby, a Imller, SSB ( 
ilia miiatcr nKsiHt.e him to Iii'glii bu- 
8lnei,9 ns n nmeliiniat ; iiin iaeii 
imudunory and lttlho,H eelebrateil ; 
his plnniiig-mnuliine ileaei'llint, S'lO. 
French artianna, tnniiug nnd mculiti- 
nicnl liij;emitty, SOO. 
fuller family, origin of the, 36. 

Oalb, T.eniini'd, iron nnuiufact., 30. 
tinray, B. do, lliealenm-boat, 172, 177. 
<(iia-inoter, water, of I'obcrta, 20(1. 
(llinnoignii, early Irnn-work.a, .U. 
(Jlaaguw, ancient caunea fonud at, d. 
Gun ruiinillng, firat, In K,ng)and, ilil. 

a French invention, 3d. 

Great llrilaiu stramalviii and llie 
aienm.hnminor, SBd. 

HaaiMKR-ponda, 32, 3.7-10. 

Hawks, Wni., Nowonatlc-on-r., 132. 
Iliaith, .Tea,, hla ^intent (or etcel, 1.18. 
Ilcckliiig-mnohiuo, the, 203. 
lleggc, itniph, gun founder, 33. 
Ilomfray, Ham,, adoiita Oort’s pro* 
cesses, 121 ; Joins Cmwsliay In 
conatruetins; eaiad to Cnrdlll', I. 'll. 
Houghton, John, wind anw-inill, 16S. 
Iliinnihrles, P., of (he Ot. Britain, 284. 
Huntsttinn, Benj., inventor of aist* 
steel, 102,104; birth, pnreutnge; 
olockmakci", repairs locks and ma- 
(dihiery ; amateur ani^cen and ocu- 
liat, 103; experiments at Don* 
naster, 104; process of making cast* 
steel, 105; needed at Shoflleld, 
hia steel iinds a market in France, 
206 ; the SlteiTidd makers necessl* 


lUO,V*8UKt/lIMl, 

taliid to use ii, U(7; his aeoret 
stuleii by lYnlker, I OH; inemised 
ilemmul for Ida atei-l ; bin character 
and dentil, 110. 

llrdraiiliu iii'cs.s of Dminali, 188 ; 
'leuther cullnr invciUeil, 180, 

iMLAHl) nnrtgnllun, aelienica fur iin* 
proving, 03. 

luveiitioiia, no retrogrossien in, 1(17; 
tile hnnnm rarr the Iriio inventor, 
inveiitiaiis gradiiai, 108 ; proeoss ot 
iiiveiitiiiii ; niMinro origin of sotiio 
inventinna, lllO ; ulliem burn befuio 
Dieir time, 170; utd inveiiliuns mid 
nrta rcvlvwl, 17‘J. 

— — , diapuleii j— Ihi! watcli, pulley, 
eatiiilrie, acrew-outtliig, priiiliiig, 
penny poahigo, Ibo atenm-bont, the 
spiiming'ninuhiue, the Imlaiicc- 
spriiig, the lucomntive, die., 177. 

—— siinnllnneoiia ; — tlio tinndmnt, 
elcotrotypliig, Die Biifrty-limip, 178. 

— ~ , piTgreabivc ati'iis in, 178. 

Inventoi'a, liiudr.'inee.s tn, through in* 
coniiHitent workmen, Watt, 180; 
liraniah, 201, 
rurgcllen, 170. 

Iron; — t. sermw )irised l>y 8. tka 
Mnndcra, 1-tJ ; I. nud civlllxatiatt, 
2 ; 1. neceasnry to aetlled life, 5 ; 
the I. periuil in bislory, 0, 8 ; 1, 
Into ill iiiiiiiiiig Into use ; iiiteiisc 
hoiit rcijnlrcil to I'uae, 0 ; gold used 
to save 1.; Its euni|urntivo value, 
10, M, 23, 20 ; 1, tlio " Mill's " of 
the Kmnana; warn of iho lai'iiclHcs 
nnd I’hillstiiies and ; Uio etu'ly 
TurUlali emplm and I., 10; All lean 
I., 13; 1, and llio early hiaiory of 
Britain, 11, 21, 27 ; lliaaiilrliina 
nud I„ 11 ; British wav chariots of 
7. npooryphnl, 13 ; I, aa curreiiey, 
14; J, introiinecil by lioiniiu co* 
lontela, 15 ; ticotland in cnrly (liiiiis 
nnd scare! ly of I., 22 ; J, mid iiii- 
tlonal defences, 26, ,'131, 

Iron smelting ami mniiuGiol.iu'n I. 
smelling dlseovcrud, 10 ; liomiim 
mid I. nianufaatnre in Brltein, 15 
remains of early I, ir.nnuliictura 
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1 29, 30, 32 ; remains of I. tnn- 

jiiiinctiirc, Forest of Dean, IB, 28 ; 
I. prodtiee, li'ui'uess, Lnneas., 22 ; 1. 
t'nrgM ill early times ; where sitiinto, 
2!) ; ciu'ly rn'iniifautiira of I, in 
Sussex, 10, 31, 37, 42 j gim-founO- 
ing. 33, 34 ; Aslibunilinm I. worlis, 
3S I [. mills, 35, 30 ; I. furnaces, 
ancient anil mnilcrn, romparalive 
lirnduce, 39 ; I, smelting, enormous 
uousumpliou of timhci', 40, 43, 47 ; 
migrations of I. manuiouture ; civil 
war; I. woiita of lioynlista dc" 
siroyed, 41 ; smelting by pit coal, 
44) Rturlovant'a patent, 45; llo- 
veiisou’s iiatent, 4(1 ; Dud Dudley's 
patent fur smelting with coal ; im- 
proves blast; Cuke firat used, 48; 
iinsuecessful attempts at smelting 
witli coal of Oliver Oiomwcll, Dag- 
iiey, Major Wlidmau, nud Capt. 
Copley, 57; Colonel I’roger’a at- 
tempt, 58; lluplate inamifacture, 
(1(1 ; Dr. Blews(onii'a attempt to 
smelt with coal, 77 ; decay of I. 
mauuftuituve in Kngland, 79 ; Coal- 
brook Ualo Works ; increased con- 
sumption of coal and coke, 80, 83 ; 
manufacture of east 1. iiots, 80; 
Ford's successful use of pit coal, 
84 ; Koyiiolds's improYCd processes 
in I. manufacture; tlie reverbera- 
tory ftminco invented, 8(1 ; first I. 
yaifa for tramways, and firet I. 
bridge, 89; gisiat iucrco.se in I. 
trade, 03 ; Onions’ patented pvo- 
KCS.S, 115 ; Cort’s improvements in 
I. mannfiuitura, bis patents, 116- 
19 ; Can-on I. Works startod, 135; 
Dr, Roebnok's patent for treating 
pig I., 115, 130; Itoebuck im- 
proves blowing afipaiatns, 137; 
Mushot's exiieiimcnls in metid- 
liirgy, nml importiint results, 14 1- 
48 ; Heilson Inveiils Ibo bot-blnst, 
141, 140 ; bis patent, 11)7 ; firet I. 
ships, 327 ; first I, buildings, 330. 
8eo fiteel. 

rrnn Trade; — 1. exported by lbs Ro- 
mans, 16; early supply of I. ft'ora 
Spain, 25 ; early ImpurtnUons of L, 


uacitiKt:. 

90, 44 ; I. exportea by England in 
Q. Klizabetb's reign, 37 ; lialeigh 
on export of oi-dnanoo — export for- 
bidden, 38 ; legislative checks to 1, 
trade, 41 ; inci-eascd demand for I., 
and incre.'iscd importations, 78 ; in- 
ci-eascd I, ti-ndc; proposed tax on 
coal, 93; inci-casc in Scotcli I. Iwde, 
141, 160. 

jACQltAitD pimcbing-machine, 271. 

Jellicoc, Ad., bis dcfiilcations and 
Cort’s misibrtuttcs, 122, 126, 

, Snm., partner with Cort, 115, 

124. 

IfEtLY, Wm., self-acting miile, 269, 

Kendrew, John, Darlington, flax-ma- 
cbinory (note), 261. 

ICcnncdy, John, of Manchestor ; bis 
early life; straitened cireumstanccs 
of family; limited education, 317- 
18; journey to Laucasliire, 310; 
np;)ionticeshlp ns eai-pcntar; begins 
business in Maniibcstcr wiitt S^- 
ford and MacConncl os machine- 
makers and mule spinnere, 321 ; 
progiGss of tlio firm ; hia knowledge 
and nttnlmnents; Watt and Ste- 
phenson bis ft-iends, 822, 

Kimieil House and its dlstisgalslied 
tenants, 137, 139; Watts first 
engine ereeted there, 1 89. 

Knives, clnsp tools, &c, ; early pro- 
duction oi, 100. 

LAKC-dwollera, the Swiss, 7. 

Lathe, the screw, 266. 

, the slide, 207, 211, 225, 24,'>. 

, and tui-ning, middle ages, 208. 

■ , the banil, 212. 

I.ocd8, bcU pita, cai-ly iron works, 29. 

Lesngc, O.L. (1760),Telegvaphy,176. 

LHliogropliy, an ait long known, 172. 

Locks; — of the ancient EOTtians; 
liairon’s tumbler look; Brsmab's 
lock picked by Hobbs, 180. 

Locomotive endues, 262, 270. 

Macuine tools and bond work, 180, 
182, 211. 
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MACIIINl'i. 

]t(iic)itiie tool-ni.'ikiiig, luoncci'H In, 200. 

Mai'hiiiory, itn iiitnHiuution ojiiu'ml, 
lllj-lS? ; its Iniinlic’ciit uncti nmt .111- 
jiremiiny, iiyil, 

A., and aiiwntlictio nf'enta, 
174. 

Maislittll, 0.(1751)), taii'grnpliy, 17.5. 

Mniulslny, Ilmiry, llrnmidi’s lending 
workman, 187 j iuvwit.i Imtliia- 
collar for hydro idio press, IHf), 
2l).5 ; birth utid j^uiroiitngc, tOK ; 
)ioiV(ler-nionki)y nt Woolwich Ar- 
spiiiil j pill into tlio ini-jimdcrs’ 
nliop; proters the nniithy, nnd Is 
inmimiil lo ilj his trivot iiiiiking 
nnd doxterity at tlio forgo, 'itIO; 
ociit for and ompinyvd iiy Briimnh, 
201 ; lopid iinpi ovcmcnl ; tiio hero 
of his shop; iippoinlcd limd foro- 
innn ; his iillnl olUiction, 2011 ; his 
invcntiims in toid-miiking, 204) 
boglna butiiiosa; his drsi smithy 
and drsl jidi, 20(1) invcula tho 
slldo root, 207, 211, 211); Itcn- 
emmtora ridicido, Imt hecomes w- 
tnhilslicd ) Is (III! jsiront »(' the 
))lnning roiioltiuo, and other ncif- 
acting tiHils) Nasmyth’s cidugiuin, 
215) tho sUdO'i'cst wetl fur Bru- 
nei's shiji's blocks nimmfiictuve, 
215, 210) makes the mnuliinsry 
for Brvinol ) its iiilriency and many 
parts, '221 ) inorensed business and 
eminence of the (inn of himidsiny 
iindVicUl; patents a steam engine, 
'223) Iniprovos the murine engine) 
invents the pvncliing machine, 
224 ) further Iniprorements In the 
Inthc) Imiworemeuts in sciw- 
euUlng, 2*25) his neatness and 
love of oidiir, 227 j pride ■ in tho 
orccUeuiK! of his worK 228 ; Nos- 
tnylh's desorlptlott of his cluu'octor, 
220 ; his distiugulshed friends and 
visItoKi, '231 ) traits of ctiaroetcr, 
232) hidifitercnce to patents) nude 
of asttinatlng Inventors and otliars, 
233 ) his dentil, 235, 

Moelmnical coutriraneo and skill, and 
education, 230. 

Metals, fusible range of, 9 


N.lNMVTJt. 

Miller, 1’iitiii.k, and tho eienm bout, 
172, 177. 

Milt gi'oring, MiiiTay, 2011 ) improve 
by t<'nirl>nlrii, ll'JII. 

Momilor, I.c (1740), teb'grniiliy, 175. 

Murray, Mutt., nf Lceils, Ids |iliiiiiiig 
mnnliine ilcsarilieil j his bii'tli and 
imroutsgn, ‘ 200 ; npprentioed to a 
hlacksmitli ) miijiloyi'd Iiy Mar- 
sluill of lairds ) impruves tlux nin- 
chiiicry, 201 ) cmmnonces business ) 
his improvements on ihn steniii- 
enipiiD) ji'idniisy nf Iloidtnn nnd 
Walt j his I) slide vnlve ) mnkca 
iiieiimotirn for Itli'iikiiisii)), 202 ; 
invents till! Iicckling machtmi) his 
skill in mill genriilg, 203; im- 
provements in 1 0 lds ; his dentil, 204, 

Mimliet, liiivid, lii.snovera tho Hliiek 
Jlnud iriiiistone, Ml) birtli nnd 
early life) nocoimtniit at Wyiiii 
Ii-ouworksj sneis'Bsful I'-xpoiiments 
in assaying, 142 ) nciinuut nf hin 
hilunrs, l‘ii j Ids “ I’npeis on him 
mid Steel,” 147 ) tesnlls nf his In- 
hnursj disisivers 'i'iinninmj his 
writings) hisdcnili, id 8. 

NASMVrit, Ale.x,, piiiitnr, *270) n 
desterons muoliimiu ) t'.spin'imcnta 
witli )siddlo-lB»d.s, &c., 277. 

Nosmytli, .Iiunes, on the slide rest, 
214; on Manitshiy’s merits, 221); 
trnditionid oiiglii oftlio Nnsmylh 
family, 275 ; .lames, his hirth unit 
education, mid iiunily ; story of his 
life told by lilmscll) 277 ; makes 
. Ids first steam engine, 278 ; makra 
a steam carriage fur commuii roads, 
379 ) goes lo hondim ; Is em- 
ployed by Mandslny us his own 
privnto workman j moilest estininle 
of his own worth In wagiw, 280 ; 
his economy and mumtgemeiit in 
laindnii; returns to hsllnhuigli, 
281 ; begins business in Hanclics. 
ter; . estidilkiUas the llrMgewalei 
foundry; the iiuMiition of tli« 
steam lummter, 282 ; oiroiimstimces 
which led to tlu iuventloa, 288, 
SS; the liiveiitlun lies dormant, 
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^86; liU sui'pi'itie on seeing his 
slenin hammer nt work in h'rnnce, 
‘.’B7 ; secures his Invention hy n 
intent ; beauty and precihion of 
action of the luiinmer, 288; tts 
iin|)ortimt nscs >u modern cngincer- 
ing, 289*90; invents the stcoin- 
plle>driviiig inncliiue; it Is cm- 

K by Kuburt Stephenson on 
_ eat works, 291 ; his pyn\- 
iniilnl steam engine and steam arm 
pinning mnciiino ; his circular cut- 
ter for toollied wheels; his Iin- 
provements in iron-founding, 292 ; 
his energy and common sense, nnd 
Iiuw he Scotched a strike, 298; 
his opinion that theeircet of strikes 
is to stimulate taventiou, 204 ; ro- 
tiroinentfrom business ; his artistic 
taste and skill ; his speculations on 
the cunellbrm character, 299 ; con- 
atruuts a telescope ; ids lutronomical 
researohes and wondcrfttl discoveries, 
desorilicd iiy Bir John llerscliel, 290. 
Nasmyth, Joan, martyr to ignorance, 
hiiriit, 208. 

Nwder’s logarithms, 258. 

Ncilsoii, Jn.s. }),, invents tiio hot 
hlnst, 141; birth and pnvenlnge; 
heecmiis engliie-liremnii, 160; ap- 
]u enticed ne woi king cn^necc under 
Ida hrothcr ; eolllery engine-wrlght, 
liil ; i'oininao, then manager and 
engineer of the Glasgow Gitstvorks ; 
hia aellicducation ; improvements in 
gns umnnfacture; his Workmen's 
Institute, 152 ; eiperlmcnts in iron- 
smelting, 1S4; invents tlie liot- 
hlnst, J as ; his jintent nnd partncin, 
t.'lT ; mtout light disputed but 
CBlnUlshed, 158? his rctircmcitt 
from biisiucss; his piiilantiiropy 
mid well enraeil honours, 169. 

New Kenlaud, tools of nutlrcs, 2, .8. 
Nolilcmen, iron maanfneturers, 85; 

amateur mechanics, 210. 

Noi wlcli water works, Uruinah, 195. 

Oi,i»’reu>, Thos., uiul swaslt-worfc 
turning, 208, 

Onions, Veter, his patent, 116. 


itnvtioLiis. 

Ordnnntc, export forbidden, SB. 

Onlnsnce, modern, and thu steam 
! liamnicr, 289, 

Otnheltc, tools of natives, 2, 3. 

I'APiy, Denis, nnd atmospiieric loco- 
mritlon, 172; noicsthetic agents, 
174-177. 

Penn and ,Soas, engines of the ‘ Wai’- 
rier,' 182 ; character of their woik, 
228. 

Penn, Wm., an iron mnniifnclnrcr, 35. 

Pile-iliiving oinchlno, steam, 291. 

Pinning machine, the, ibr iron, 249, 
259, 284, 206, 273, 292. 

— for wood, 192, 218. 

Piny, he, report!), &c,, on costotcel 
numuioctures, 108, 108, 114. 

Plumier’s work on Turning, 208-9. 

Prlutlng, the art known to the Ko- 
miios ; its antiquity in China, 172, 

Putioldng maohiue, 224, 271, 

IUdv, a., anil Cnrt's invention, 121. 

Itails, iron, ibr tiamronds, the diet, 89. 

Ealelgli, Sir W., on catporting iml- 
nonce, 38. 

lienping-rancldnc in 1577, 173. 

itecd, Henry, audstoel-manuraot., 113. 

liegistry of ronl estate, Tniraiiton's 
plan, 72. 

licliglouB peiiierntians and diffusion ol 
ahilled industry, 07. 

Reverberatory fnrunce, 85, 119. 

Reynolds, iRil., Conlbrookdnlc, birth, 
84 ; ronvrics daughter of Ah. Darby 
II.; joins the Cunlhrookdale iim), 
85 ; Ids improved processes of iron- 
mniiulitctiirc, 88 ; iurcuts cast-iron 
rails for tinmioaila, 89 ; his remon- 
strance ngnuist the threatened tax 
on cool, 93 ; retires from the firm; 
the beauty of ids chnniefor, 95; 
Ills habits ; Incidents ia his lile, 98 ; 
his death, 98. 

Reynolds, Wm., his improvemoats in, 
milling; his iiic'incd ;ilane3 for 
working eaunls, 94, 117; his as- 
sistance to Telford, 95; adopte 
Oort’s processes; invitee Cort U 
I trial oi pitKxss at Ivetley, 121. 
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IIIVHU. 

Rivm imvigi\tioii8, pliiHBof Vnvi'autoB, 
(ia, lin, 77. 

liirotiiiy iii.n'liin(>, 

liOlici-tb-, liicliitnl, (li' Miuiclicslfi) 17H; 
most pmlinc ns nil Invnntor; liirlli; 
It riininyiiinn ; liliiii)'l'oi'nu'clmiiii'8, 
yU‘l ; n initlem-ninki'r ; ilriiwn fiw 
llii! militiu ulid I'liiin ittviiy; p'fn 
aniplnyinnnl In MniichcstiT, 
gout In r.oinlnu j cinjili'yi'il liy 
ilniiiluliiy ; vctiiiiw (o Alniiclii'.Htrr; 
liiu honliir for sizing ivlici'ln; im- 
K'riiw-liitlin j wi'(, givi-tneluv ; 
plRiiiiig niadiiuP) iiUiJ ; liis wtus'l- 
(iiitting l•ngino, liuuuliing innoliiiio, 
slnlUii'g niiu'liini'i&u. ; Ills iniinliiiHi 
fni' niiiltiiig wi'iu'ciV ivisl-s till! cnm- 
ini'uni'nii'iil nl' llio linn of >iliiir)v 
Iliiliurln, mill On.) Alins Works ; his 
Isivvor-liKiiiis ; liis liimiiUH tt'ltel- 
iiiR imilo, !!(i7-7ll i iirriiiigi's niul 
staris iniichiiic-ivoi'ks at Kulhniini>; 
liis mimoroiiH jmti'iifs for )irocosa(« 
ill cotton niauiiliio.tiiiiiig; liis iron 
Wlliai'it liililosj his imiirDVoiwiita 
ill Ui« tucoiiintlviii'toaiii-lii'iiko, U70; 
merits niiil rqiiitntloii of llio (irm j 
liin Jiioi)iioiil iniiicliiiig iiiiioliiiic, 
27t ; lib nliuiiriiig iiiiil iiiiinililiig 
innclihia; lib tiiiTct-cIni'lc ; jirlsu 
flimro-nragiictj iilgiir-mnUing tiin- 
clitiio ; . liiiiivuvomciiw tii olwiu- 
slilrei; oliiiigutcil riilo pra,ji'clili>!i, 
273 j raiiiiy liiivo giilnoil largely liy 
lib ftrtllity of iiivoiitlon j lie fa left 
poor, 27!1, 

IlncliOi T, tlo In, nnil sun piutures, 17ri. 

lliiohuok, 111'. John, Its ; hirtli, aUi> 
cnlion, and early life, t.'l.'l ; soltlos 
at Blriniiiglinm os a iiliysicliiii ; 
invostigalluiis in motaUiirgy luiil 
oliemlstry, llU-j pnrlmii'sliiii nrUli 
Mr, Oarkutt ; liii miMivirncturca 
vitriol null potlury; nUu-ts ilto 
Cari'oii Iitiii Works, lllil j his pii- 
tent, tl5, 13(1 ; improves blowing 
apparatus; iniideiicn at Kiiinoil 
House; lonscs conlKniiiea and salt> 
pans, 137; obtoSns Uio ossfatanco 
of James Watt mul heuoRics Ills 
porluor, 813 ; Iifa losses and ruin, 


sruKi,, 

IdO; Imiisfevs iiiteiest in Wail’s 
eiigiiin III lioiilloii j Wolt’a opinion 
of iinoliiiuk, t-10 ; hfatli'iiUi, 141, 
Uomniis, the, Inlrnihii'nl irnii>niaiiii> 
ihctiive iiiU) Kiigliind, IS; iron i',v< 
jmilril by tliein, IB; knew the art 
of printing, 172 ! knew of gun* 
imwili'r, 1 73 ; hyilinpnlby, 174. 

Kavaok life, inipliinieiits a(| 3-,'i. 
.Siiwinpf-iiiiielilnery, lO.'i, 1 !),'!, 2 1 3, 221. 
Hob.veiiler (lliail^, telegrnpliy, 175. 
ttcoieU Iron-triiile, Its esiensiou, 141 
expiirls to Miigbiiil, lliO, 

Seolliiiiil In curly tiiiuw, wnrclty ot 
inni ill, miiraiiding siiistiio.'i, 32; 
il.-! Ktvorib limiiiiiB, 34. 

Sratt, Sir W., unrly life, 300. 
Sevi'w-Kuttliig iiiiiiihiiiory, &c., 225, 
240, 348, 340, 273. 

/iclilacliiig iiiiilii (if Itolierts nnil otln-rs, 
3(17, 2(10 ; till! riiilini arm, 370. 
Slioiii'liig oiiil piiiieliliig iminliiiie, 373. 
Sliolllelu, its Kvrly iron and stcol inn* 
milliotiiw, l()i) ; lilmibli wovlcnieii, 
101; giwlly liuliibteil (o Ilunls- 
iiion, too ; piniitlnil skill of Its 
wnikmi'ii, 11!) j prodiiotloii iiiiil cx* 
jaii’ls of nOHirtiteri, 1 14. 

Sliclliolil, I.oril, iiiiil 11. (kii't, llO, 
Slndlii (onbiniini) lirst iniide, 34, 
•Ship-liiiiliUiig, iiiiproriimoiito In, 372 
Ural iron slil;)!i, :I20. 

Slldc-I.’itho the origin of the pinning- 
inilolilmi, 21-1, 22,5. 

Smi-ntim, Jus., iiinl i)r. Koobiick, 137 
Smith, nmno Ilf, 31 , 
iSmlUi, tlie, hfa iirsl siniplo (ooIk, 30 , 
Smiths ill early ttiiies, tlioir iiupiirt* 
niiec and raiilc, 10 , 17, 33, 

.Sjanbli Ariiindn, Msirolty of Iron, 34. 
sjiniii, party supply of iron from, 3r>, 
SUnni ns man's drudge, 335. 
Stcain-engluc, improrers of: sco lira* 
mail, Miiiidslay, Murray, Niwinytli, 
Olid Watt. 

Stcnm-gim nil old iiivetttliin, 17-1. 
Slcniii*liammor, 383, 

Steam, nso known to Ibo nmdents, 171. 
Stu.'im-Iocoraotlon, first altompts, 17'J< 
Stool, convci-ston nf Iron into, 09; 
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STBEIi. 

blihtercd, nhonr, Mid fnggot steel, 
101 ; ciistMiti;cl niid its qiinlitics, 
103 ; Bessemer’s process, 1 11, 
Kteelyai'd Co. of For. llarolianta, 43. 
otemirt, Dug., at Kiniieil llonso, 137. 
3tniie period in history, 0. 
•Stourbridge, destructive flood, 49. 
fltrlUcs ni^ their eflhcts, 293-04, 318. 
Strutt, Win,, self-noting mulo. 208. 
.Sim, the niitnre oi its siirfiiee, 293, 
•Sussex, early iron-worka in, 16, 31 ; 
eimnon iiii>t made in, 33 ; '|ieight 
of piusperity of iron-tindc, 37 ; 
decline of iron-trade, 42. 

Swiss Inko dwellings, 7. 

Swords, mngio and cndiantcd, 18 ; of 
Ferinra, 2:}. 

Tiuuits and Severn, scheme lor join- 
ing, 65. 

1'ill Hammer, the, 288-4. 

Tin-plato manufacture, 66. 

Tool makers, early, the smith, 164. 
Tools, early, ofbone; flint, &c., 3-6,163. 
— — and olvillziiUott, I62-6S. 

— — , improvements in, and ma- 
obiuery opposed, lOS, 211. 

, modern, their perfeoUon, 182. 

— — , hand and machine, 398, 333, 
,inaehtne, improvers of: see Bra- 
mah, Clement, Fox, Mnndslny, Mnn- 
my, Nesmytli,Iiaborts, Whitivortb. 
" Tronlise of Metnllion," 45, 
7'nnnelling at oncient Babylon and 
Mai'scillea, 178. 

Tuniing ami lathes, i'6suni8 of the 
histoiy of, 207-18. 

CoiiATWn, Miqoi, and steel maniifao- 
tiiie, 1 18. 

Frsiou, ancient, weapons with mo- 
dorii iinpi’Ot'cmcnts in Aisonnl Mu* 
senm, 173. 

Vine), Leonardo dii, the steinn gun and 
sun Tsihillng, 174. 


rATlIlAKTOlt. 

Wamuoh, tlw, engines of, 182. 

Water wheels improred, 336. 

Watt, Jos., improremeut of the etenni 
migine, and increased demand fei 
iron, 130; erects flmt engine at 
ICinneil j hsoomei pni'tner with Dr. 
Roebuck, 139; Boulton becomes 
Watt's partner v. Dr. Roebuck, 
140 ; Watt's sun pictures, 175 ; 
his tilt-hammer, 283. 

Wedgwood, Thoa., ami sun pictures, 
nii. 

Wheel-cutting machiuory, 266, 293. 

Whitworth, .losoph, of Manchester, 
ti'ninod in the workshops of Mauds* 
lay and Clement; his system ol 
sorew-threads ; his “ Jim Crow ” 
pinning machine ; hts method ol 
Bccnring a true plane, 373; hie 
improvements in tools, rifled ^na 
and projeotiles, 274. 

Workinca’s Institute, Mellson’s, 1E2. 

YAnRANTOir, Andrew, 00; birth; 
apprenticed to n Unendraji^ ; joins 
parliamentary army in civil war; 
pnbllo reward fbr services, 61 ; his 
iron woi’ks; linen mana&ctui'e ; 
impiisonmeiil, 63; escape and re< 
cnptme; plans for improving in- 
land navigation, 83 ; improvement 
of agrioiiltui'e, 66 ; pinna docks for 
Isnidon ; his tin-plate monnfluy 
ture ; acquired the nrt in Saxony, 
66 ; Is thwMted by Chiunbei'iaiaa's 
patent, 68; travels in Holland, 
69 ; sentiments on trade ; his 
various projects, 70, 71, 74; his 
“linglniid’o Improvement by Sro 
and Land,'' 71, 74 ; proposed land 
bank and reglsUy of real estate, 
72 ; his oontroverries, 63, 73 ; hit 
iron milling ; surveys Dnnkirk 
port, 75; views In advance of hi; 
age, 76 ; his opinion on home 
i produced Iron in time of war, 79. 



